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FOREWORD 


This  report  presents  the  results  of  the  climatological  portion  of  a 

STUDY  CONDUCTED  ON  THE  ARCTIC  SLOPE  OF  ALASKA  BY  THE  BOSTON  UNIVERSITY 

Physical  Research  Laboratories,  under  contract  AF33  (103) -15615  with  the 
United  States  Air  Force.  At  the  time  of  the  study  the  author  was  on  the 

STAFF  OF  THE  HARVARD  UNIVERSITY  BLUE  HiLL  METEOROLOGICAL  OBSERVATORY,  AND 
RECEIVED  THE  COOPERATION  OF  THAT  INSTITUTION  IN  PREPARATION  OF  THE  REPORT. 

Mr.  Conover  is  now  with  the  Geophysics  Research  Directorate,  Air  Force 
Cambridge  Research  Center,  L.  G.  Hanscom  Field,  Bedford,  Massachusetts. 

Because  the  study  provides  quantitative  information  concerning  a 
little-known  part  O'-  THE  ARCTIC,  THE  QUARTERMASTER  CORPS  FELT  THAT  IT 
WOULD  BE  VALUABLE  TO  SCIENTISTS  THROUGHOUT  THE  DEPARTMENT  OF  DEFENSE. 

Therefore  the  report  is  published  here  as  part  of  the  Quartermaster  series 
IN  microclimatology. 
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ABSTRACT 


The  tundra  of  the  Arctic  Slope  is  characterized  in  summer  by  cool  mari 

TIME  WINDS,  MUCH  CLOUDINESS,  LIGHT  PREC 1  PI  T AT  I ON>  AND  FREQUENT  DRIZZLE.  In 
WINTER,  CLOUDINESS  DECREASES  AND  VERY  COLD  KATABATIC  WINDS  PREVAIL  INLAnO 
WHILE  EASTERLIES  CONTINUE  ALONG  THE  COAST.  BY  Ml D-SePTEMBER  A  SNOW  COVER 
IS  GENERALLY  ESTABLISHED;  THIS  BUILDS  UP  TO  DEPTHS  OF  l4  TO  28  INCHES  IN 

March  and  April  and  finally  melts  in  June  or  July. 

Microclimatic  measurements,  i  ncluding  wi  nd  speeds,  temper.-‘tures  above 

AND  below  the  GROUND  SURFACE,  AND  DEPTH  OF  THAW  PROFILES,  WERE  MADE  NEAR 
THE  COAST,  IN  THE  CoLVILLE  VaLLEY  AND  ON  NEARBY  SLOPES,  AND  IN  THE  FOOT¬ 
HILLS  OF  THE  Brooks  Range.  Summer  ground-surface  temperatures  inland 

AVERAGED  IN  THE  LOW  5O ' S  WHILE  SOIL  WAS  FROZEN  10-15  INCHES  BELOW  THE  SUR¬ 
FACE.  Most  of  the  land  was  wet  in  the  summer  due  to  the  shallow  layer  of 

THAWED  GROUND.  ThE  FREQUENCY  OF  SURFACE  THAWS  AND  FREEZES  WAS  LOW. 

Tables  of  temperature,  insolation,  wind,  and  vapor  pressure  deficit 

ARE  GIVEN. 


IV 


MACRO-  AND  Ml CRKL IMATaOGY  OF  THE  ARCTIC  SLOPE  OF  ALASKA 


1-  Introduction 


The  macro-  and  mi crocl i matology  or  the  arctic  slope  of  Alaska  were 

OBSERVED  DURING  SELECTED  PERIODS  FROM  195^  THROUGH  195^  IN  CONNECTION  WITH 
A  COORDINATED  GEOLOGICAL.  ECOLOGICAL,  AND  SOIL  STUDY  OF  THE  REGION.*’ 

This  i  arge  tundra-covered  area  is  flanked  by  the  Arctic  Ocean  on  the 

NORTH  AND  THE  BROOKS  RaNGE  ON  THE  SOUTH.  FIGURE  1  IS  A  MAP  SHOWING  PLACE 
NAMES  AND  THE  GENERAL  TOPOGRAPHY.  NORTH  OF  APPROXIMATELY  LATITUDE  70° 

THE  LAND  IS  VERY  FLAT  AND  INTERSPERSED  WITH  A  GREAT  MANY  LAKES,  BOGS,  AND 

RIVERS.  South  of  this  latitude  lies  a  broad  zone  of  rolling  foothills, 
WHICH  in  turn  give  WAY  TO  THE  MOUNTAINS  OF  THE  BROOKS  RaNGE.  THE  RANGE 
PRESENTS  A  BARRIER  ROUGHLY  2000  FEET  HIGH  IN  THE  WEST,  WITH  PEAKS  REACH¬ 
ING  CONSIDERABLY  HIGHER,  AND  4000  FEET  HIGH  IN  THE  EAST,  WITH  NUMEROUS  PEAKS 
RISING  ABOVE  fOOO  FEET. 

Meteorological  equipment  was  originally  set  up  in  the  Umiat  area  by 

THE  AUTHOR  IN  JUNE  1952  AND  OPERATED  UNTIL  SEPTEMBER  1952.  ESSENTIALLY 
THE  SAME  OBSERVATION  SITES  WERE  REOCCUPIED  IN  JUNE  1953,  WHILE  DURING  JlJLY 

AND  August  additional  stations  were  operated  north  of  Umiat,  along  the 
Colville  River,  and  in  the  foothills  south  of  Umiat.  Winter  data  were 
obtained  from  THE  UmIAT  AREA  IN  1953-5^  AND  CONTINUOUSLY  NEAR  BaRROW  FROM 
LATE  1953  through  1954  WITH  ONE  STATION  CONTINUING  UNTIL  MID-I956. 

2.  Instrumentation 


Many  of  the  instruments  were  assembled  especially  for  this  study  from 

STANDARD  industrial  EQUIPMENT. 

Air  and  ground  temperatures  were  recorded  on  3-pen,  Foxboro  weekly 
spring-driven  recorders.  Sensing  elements  consisted  of  gas-filled  bulbs 

AT  the  ends  of  6-FOOT  COMPENSATED  CAPILLARY  TUBES.  AT  THE  UmIAT  BaSE 

Station,  where  power  was  available,  a  12-point  Brown  Electronic  recorder 

MEASURED  TEMPERATURES  IN  THE  AIR  AND  SOIL  BY  MEANS  OF  THERMOCOUPLES  IN 
REFERENCE  TO  A  CONSTANT  HOT  TEMPERATURE. 

Wind  speed  was  measured  by  3-C'JP  anemometers  and  recorded  on  the  Fox¬ 
boro  WEEKLY  RECORDERS. 


’‘•See:  Tedrow  and  Hill  (1955);  Drew  and  Tedrow  (1956);  Bliss  (1956);  Bliss 
AND  CaNTLON  (1957);  CaNTLON  AND  GiLllS  (l957)j  AND  TeDROW,  DREW,  HiLL,  AND 
Douglas  (1958). 


RE  1.  Arctic  slope  of  Alaska 


Insolation  v.'.  measured  by  an  Eppley  pyrheliometer  and  recorded  on  the- 
Brown  recorder. 


Vapor  pressure  was  recorded  by  a  Foxdoro  Dewcel,  and  evaporation  was 

MEASURED  IN  SUMMER  AT  WEEKLY  INTERVALS  BY  MEANS  OF  LIVINGSTON  ATMOMETERS. 

3-  Observation  sites 


Microclimatic  sites  set  up  for  the 
stations  in  the  Umiat  and  Barrow  areas, 
HILLS  OF  Brooks  Range,  and  two  station" 
Umiat  and  the  ocean. 


study  consisted  of  clusters  of 
one  isolated  station  in  the  foot- 

ALONG  THE  COLVILLE  RivER  BETWEEN 


A.  Umiat  area 


Sites  in  the  Umiat  area  are  shown  on  the  sketch  map  (Fig.  2). 
Sites  1  through  5  lay  along  a  3/8-mile  transect  running  south-north  over 
the  first  range  of  hills  north  of  Umiat.  The  stations  ranged  in  elevation 

FROM  ABOUT  425  TO  oOO  FEET  ABOVE  SEA  LEVEL-  ThEY  ARE  DESCRIBED  BELOW; 

Umiat  Base  station:  Elevation  33(  i^eict,  several  hundred  feet 

FROM  THE  LANDING  STRIP  AND  THE  U.3.  WeATHER  BuREAU  -  U.S.  AlR  FORCE  WEATHER 

STATION.  Temperature  measurements  were  made  vertically  near  the  southern 

SIDE  OF  A  SMALL  ISOLATED  CLUMP  OF  5-fOOT  ALDERS  WHICH  WERE  GROWING  ON  A 
SLIGHTLY  DEPRESSED  CENTER  POLYGON  ABOUT  8  FEET  IN  DIAMETER.  ThIS  SITE  WAS 

KNOWN  AS  Umiat  Base  Polygon  (Fig.  3).  Temperatures  4  inches  below  a  grass- 
covered  SURFACE  AND  INSIDE  A  STANDARD  THERMOMETER  SHELTER  KNOWN  AS  UmI  AT 
DASE,  WERE  MADE  ABOUT  22  FEET  WSW  OF  THIS  SITE.  LOW  GRASS  COVERED  THE 
GROUND  BETWEEN  ISOLATED  ALDER  CLUMPS. 

Sn;£_l_:  Elevation  about  425  feet,  in  a  gully  on  a  20-degree 
SOUTH  slope.  Eight-  to  12-foot  willows  and  alders  grew  in  the  gully;  dead 

LEAVES  COVERED  THE  GROUND. 


Site  1A 

TWEEN  THE  CULLVG 
BEDROCK,  AND  THE 


Elevation  about  525  feet,  on  a  south-facing  knob  be- 

ON  the  SOUTH  SLOPE.  NiNE  INCHES  OF  SOIL  COVERED  THE 
SITE  WAS  DOMINATED  BY  WILLOW  GRASS. 


Sj_rE_2^:  Elevation  about  53*^  feet.  The  instruments  were  mounted 

ABOVE  A  NARROW  GR ASS -COVERED  SHELF  ON  A  40-DEGREE  SOUTH  SLOPE  DIRECTLY 

ABOVE  SITE  1.  Eight-  to  10-foot  willows  and  alders  grew  ab^'ve  and  below 

THE  SHELF.  A  SNOWBANK  JUST  ABOVE  THIS  SITE  WAS  ONE  OF  THE  LAST  TO  MELT 
IN  THE  SPRING. 


A  3- 


5jte  3:  Elevation  about  600  feet, 
TO  6-inch  tussock-heath  community. 


ON  TOP  OF  AN  EXPOSED  RIDGE 


1  N 


3 


Figure  2.  Sketch  map  of  the  Umiat  area  shov/ing  the  site  locations. 


4 


Figure  3.  The  Umiat  Base  Polygon  site  looking  northward.  Thermocouples 
ARE  exposed  vertically  ALONG  THE  ANEMOMETER  SUPPORT.  PyRHEL I OMETER  IS 
MOUNTED  ON  TOP  OP  THE  RECORDER  SHACK. 


Site  4;  Elevation  about  58O  feet,  on  a  15-degree  slope  facing 

NORTH  IN  A  5-  TO  10-INCH  TUSSOCK -HEATH  COMMUNITY. 

Site  5‘  Elevation  about  580  feet,  facing  south  on  a  15-dcgree 
SLOPE.  The  tussock-heath  community  was  similar  to  that  at  site  4  BUT 
slightly  shorter. 

B.  Barrow  area 

The  Barrow  area  sites  are  shown  on  an  outline  map  (Fig.  4). 

Barrow  1 :  Elevation  about  10  feet,  300  yards  east-southeast 
of  the  Arctic  Research  Laboratc.ry  on  flat,  grass-covered  ground. 

Barrov  2:  Elevation  about  30  feet,  on  an  old  beach  ridge  about 

20  FEET  ABOVE  THE  LEVEL  GROUND.  THE  GROUND  WAS  BARE  AND  GRAVELLY. 

Barrow  3=  Elevation  about  3  feet,  in  8-  to  10-inch  grass  about 
12  FEET  from  the  SHORE  OF  ElSON  LAGOON. 
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POINT  BAPftOW 


Map  of  Barrow  area  showing  site  locations. 


Ba_p_row  4:  Elevation  about  10  fee,.  This  station  was  the  farthest 
INLAND  OF  the  Barrow  group.  It  was  set  up  about  150  feet  east  of  a  lake 
2  MILES  LONG  ( NORTH-SOUTh)  AND  1  MILE  WIDE. 

C.  I SOLATED  SITES: 


Figure  1  shows  site  locations. 


Mountain:  Elevation  about  2500  ffft.  on  a  slightly  rais 


lD  HEATH- 

Depressed 


moss-lichen  community  about  200  feet  south  of  Lake  Okpikruark. 

WATER-FILLED  POLYGONS  COVERED  THE  AREA  IMMEDIATELY  TO  THE  SOUTHEAST  AND 
SOUTHWARD.  ThE  LAND  WAS  QUITE  LEVEL  BUT  MOUNTAINS,  ABOUT  FOUR  MILES  TO 
THE  SOUTH,  ROSE  2000  FEET  HIGHER.  LoW  HILLS  SURROUNDED  THE  LAKE  TO  THE 
NORTHWEST  AND  NORTHEAST. 


Elevation  about  4oo  feet,  in  an  upland  5-  to  8-1  nch 

HEATH-TUSSOCK  COMMUNITY  ON  A  SOUTH-FACING  SLOPE  ABOUT  3O  FEET  FROM  THE 
CREST  OF  A  HILL  AND  3/4  MILE  WEST  OF  THE  COLVILLE  RiVER.  A  FEW  SHRUB.S 
REACHED  1  FOOT  IN  HEIGHT. 

Elevation  about  25  feet,  about  i8  miles  from  the  Beaufort 
Sea,  300  FEET  east  of  the  Colville  River  and  150  feet  north  of  a  small 
channel  which  enters  the  river.  The  area  was  generally  covered  with  de¬ 
pressed  CENTER  polygons  CONTAINING  1  TO  3  FEET  OF  WATER,  BUT  WITH  RAISED 
EDGES  ABOUT  1  FOOT  HIGH.  ThE  EDGES  SUPPORTED  TUSSOCKS  AND  A  FEW  WILLOWS 
UP  TO  2  FEET  HIGH. 


^ •  The  MACROCLIMATE 

The  ATMOSPHERIC  PRESSURE  PATTERN  OF  THE  ARCTIC  SLOPE  IS  CHARACTERIZED 
BY  A  HIGH  TO  THE  NORTH  OR  NORTHEAST  AND  A  LOW  TO  THE  SOUTH  OR  SOUTHWEST. 
Tins  PATTERN  CAUSES  A  GRADIENT  WIND  FLDW,  OR  THAT  FOUND  ABOUT  3000  FEET 
ABOVE  SEA  LEVEL,  FROM  THE  EAST  OR  SOUTHEAST  OVER  THE  AREA. 


In  summer,  THE  SEA  TO  THE  NORTH  IS  MOSTLY  ICE-COVERED,  AND  ITS  SUR¬ 
FACE  IS  ONLY  SLIGHTLY  WARMED  BY  INSOLATION;  THEREFORE,  IT  TENDS  TO  COOL 
THE  AIR  NEXT  TO  IT,  PROVIDING  A  SOURCE  FOR  COLD  AIR.  ThE  VERTICAL  CROSS- 
SECTION  OF  AVERAGE  SUMMER  TEMPERATURE  FROM  FAIRBANKS  TO  BaRROW  IS  SHOWN  IN 
r  i  GUR  El  j  * 


The  AVERAGE  POSITION  OF  THE  "POLAR  FRONT",  WHICH  MARKS  THE  BOUNDARY 
BETWEEN  THE  COLD  SURFACE  AIR  OVER  THE  ARCTIC  OcEAN  AND  THE  WARMER  AIR  TO 
THE  SOUTH,  IS  BETWEEN  1000  AND  2000  FEET  OVER  BaRROV^  AND  AT  THE  GROUND 
ABOUT  HALFWAY  BETWEEN  BaRROW  AND  UmIAT.  NORTH  OF  THE  FRONT,  THE  SURFACE 
AIR  IS  DAMP  AS  A  RESULT  OF  ITS  PASSAGE  OVER  THE  ICE-COVERED  OR  PARTLY 
OPEN  sea;  therefore,  it  CONTAINS  MUCH  FOG  AND  CLOUD.  ThE  POLAR  FRONT 
OSCILLATES  NORTH  AND  SOUTH.  FREQUENTLY  IT  ADVANCES  INLAND  AGAINST  THE 
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Fiv^ure  5.  Cross  section  showing  average  July  isotherms  (°F)  between  Fairbanks 
AND  Barrow. 


mountains,  so  that  the  whole  Arctic  Slope  becomes  cold.  When  the  cold  air 

ADVANCES  from  THE  NORTH  IT  TENDS  TO  FLOW  UP  THE  RIVER  VALLEYS;  OFTEN  3CO- 
TO  500-.FOOT  HILLTOPS  ARE  NO  COLDER  THAN  THE  ADJACENT  VALLEYS.  RaTHER 
INFREQUENTLY  THE  FRONT  RETREATS  OVER  THE  SEA  AND  THE  ENTIRE  AREA  IS  WARMED 
BY  LAND  Wl NDS. 

Gradual  non-frontal  shifts  in  wind  from  an  easterly  direction  to 

SOUTHERLY  AND  WESTERLY  ARE  COMMON  INLAND  WHEN  THE  POLAR  FRONT  LIES  TO 
THE  NORTH.  THESE  WIND  SHIFTS  ARE  ASSOCIATED  WITH  AN  EASTWARD  MOVEMENT  OF 
PRESSURE  TROUGHS  AT  HIGH  LEVELS.  LeSS  FREQUENTLY,  ABOUT  FOUR  TIMES  A 
MONTH  IN  SUMMER,  A  WEAK  MIGRATORY  LOW-PRESSURE  CENTER  PASSES  EASTWARD 
NORTH  OF  THE  ARCTIC  SLOPE  REGION.  UNDER  THESE  CONDITIONS,  A  WARM  FRONT 
PASSES  NORTHWARD,  AND  THE  WINDS  BECOME  SOUTHERLY.  ThIS  IS  SCON  FOLLOWED, 
HOWEVER,  BY  A  COLD  FRONT  PASSAGE  AND  RETURN  TO  COLD,  DAMP  AIR.  MOST 
OF  THE  MIDDLE-  AND  HIGH-LEVEL  CLOUDINESS  AND  RAIN  ARE  ASSOCIATED  WITH 
THE  PASSAGE  OF  HIGH-LEVEL  PRESSURE  TROUGHS. 

In  winter,  the  average  pressure  pattern  is  about  the  same  as  in 

SUMMER,  BUT  THE  ENTIRE  SLOPE  IS  NORMALLY  COVEREO  WITH  COLD  ARCTIC  AIR  TO 
A  DEPTH  OF  ABOUT  4000  FEET,  AS  SHOWN  IN  THE  CROSS  SECTION  IN  FIGURE  6- 

In  SPITE  OF  THE  OVER-ALL  SIMILARITY  OF  THE  PRESSURE  PATTERNS  BETWEEN 
SUMMER  AND  WINTER,  AN  ENTIRELY  DIFFERENT  PATTERN  OF  WIND  AND  TEMPERATURE 
DEVELOPS  AT  THE  SURFACE.  As  THE  NIGHTS  LENGTHEN  IN  THE  FALL,  THE  HEAT 
LOST  IN  OUTGOING  RADIATION  INCREASES  WHILE  HEAT  GAINED  BY  INSOLATION 
DECREASES;  THUS  LOSSES  SOON  EXCEED  GAINS.  THE  COOLING  EFFECT  ON  THE 
LOWEST  LAYERS  OF  THE  ATMOSPHERE  IS  PRONOUNCED,  ESf SCI  ALLY  SINCE  THE  LAND 
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ELEVATION  IN  FEET  (MSL) 


+6® 


-2® 


♦  2“ 


Figure  6.  Cross  section  showing  average  January  isoTHEf-.Ms  (°F)  between  Fair¬ 
banks  AND  Barrow. 


IS  USUALLY  SNOW-COVERED  BY  M 1  D-SEPTEMBER .  BY  OCTOBER^  A  SURFACE  INVERSION 
OF  TEMPERATURE  EXISTS  MORE  THAN  HALF  THE  TIME.  ThE  DENSE,  COLD  AIR  NEAR 
THE  SURFACE  FLOWS  DOWNHILL  TOWARD  THE  SEA,  SOMETIMES  DIRECTLY  OPPOSED  TO 
THE  GRADIENT  LEVEL  FLOW. 

At  Umiat,  the  katabatic  wind — the  cold  air  drai nage--has  an  average 

DEPTH  OF  7CO  FEET,  ALTHOUGH  IT  OCCASIONALLY  BUILDS  UP  TO  ABOUT  1 7OO  FEET, 

AND  BLOWS  AT  5  TO  12  MILES  PER  HOUR  FOR  PROLONGED  PERIODS.  AT  THIS  TIME 
THE  PREVAILING  WIND  AT  UmIAT  CHANGES  FROM  EAST  (tHE  UPSLOPE  WIND  AT  UmIAT) 
TO  WEST  (dOWNSLOPe),  AND  THE  MEAN  TEMPERATURE  FALLS  BELOW  THAT  AT  BaRROW. 
V/INDS  REMAIN  NORTHEASTERLY  AT  THE  COAST  LINE. 

Surface  frontal  passages  are  rare  during  the  winter.  The  winds  of 

INVADING  STORMS  ARE  MUCH  WARMER  THAN  THE  AIR  NEAR  THE  SURFACE,  THEREFORE 
THEY  CANNOT  DISPLACE  THE  COLD  AIR  EASILY.  UNLESS  THE  PRESSURE  GRADIENTS 
ARE  STRONG,  THEY  RIDE  ALOFT  OVER  THE  SURFACE  LAYERS.  TEMPERATURE  CHANGES 
THEREFORE  DEPEND  LARGELY  ON  RADIATION  CONDITIONS  AND  NOT  ON  AIRMASS 
CHANGES. 


A.  V/IND 

The  REGIME  OF  WIND  FROM  MONTH  TO  MONTH  IS  SHOWN  IN  THE  FORM  OF 
WIND  ROSES  FOR  TWO  COASTAL  STATIONS,  BaRROW  AND  BARTER  ISLAND,  AND  ONE 
INLAND  STATION,  UMIAT,  IN  FIGURE  7*  THIS  DIAGRAM  SHOWS  THE  FREQUENCY  OF 
WINDS  FROM  16  POINTS  OF  THE  COMPASS  AS  WELL  AS  THE  FREQUENCY  OF  THEIR 
STRENGTH  AS  LIGHT,  MODERATE,  OR  STRONG.  THE  BaRROW  V/IND  ROSES  SHOW  PRE¬ 
DOMINANT  EASTEs-?}.  I  ES  THROUGHOUT  THE  YEAR.  ThE  WINDS  THERE  ARE  SELDOM 
CALM,  AND  YET  SPEEDS  ABOVE  32  MPH  ARE  INFREQUENT. 
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UAKHUW 


BARTER  IS. 


UMIAT 


Figure  7-  Monthly  wind  roses  for  Barrow,  Barter  Island,  and  Umiat.  The 

LENGTH  OF  A  LINE  IS  PROPORTIONAL  TO  THE  FREQUENCY  OF  OCCURRENCE.  A  LINE  EX¬ 
TENDING  UPWARD  FROM  THE  CENTER  REPRESENTS  A  NORTH  WIND,  ONE  EXTENDING  TO  THE 
RIGHT,  AN  EAST  WIND,  ETC.  NUMBERS  DENOTE  PERCENTAGE  OF  CALMS. 
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Barter  Islanu.  although  a  coastal  station,  does  not  experience  the 

SAME  WINDS  AS  BaRROW  BECAUSE  OF  THE  NEARBY  HIGH  MOUNTAINS  TO  THE  SOUTH. 

Calms  are  observed  3  to  5  percent  of  the  time,  but  speeds  average  higher 
THAN  AT  Barrow.  The  mountains  tend  to  narrow  the  passageway  for  the 

WINDS,  causing  them  TO  BLOW  FASTER  THAN  WOULD  NORMALLY  BE  EXPERIENCED 

without  the  land  barrier.  This  is  especially  true  when  a  storm  north 
OF  the  area  moves  eastward.  The  resulting  convergence  causes  frequent 
westerlies  exceeding  32  KPH,  with  a  maximum  near  100  MPH  ONCE  reported 

UNDER  THESE  CONDITIONS. 

UmIAT,  which  lies  IN  a  SHALLOW  west-east  INL»ND  VALLEY,  EXPERIENCES 
FREQUENT  EASTERLIES  DURING  THE  SUMMER,  BUT  IN  WINTER,  AS  ALREADY  NOTED, 
katabatic  winds  prevail;  in  this  CASE  THEY  BLOW  DOWN  THE  VALLEY  FROM  THE 
WEST.  The  addition  of  an  occasional  general  gradient  flow  FROM  THE  WEST 
IN  WINTER  RESULTS  IN  STRONGER  WESTERLIES  AT  UMIAT.  CaLMS  AT  UmI AT  ARE 
FREQUENT  IN  WINTER.  ThEY  OCCUR  WHEN  THE  GENERAL  GRADIENT  FAVORING  AN 
EASTERLY  WIND  IS  JUST  STRONG  ENOUGH  TO  COUNTERACT  THE  LOCAL.  GRADIENT 
FAVORING  WESTERLY  KATABATIC  WIND. 

Wind  observations  in  other  sections  are  scarce,  but  winds  generally 

ARE  NORTHEASTERLY  ALONG  THE  NORTHWEST  COAST  THROUGHOUT  THE  YEAR.  WHEN 
THE  GRADIENT  WIND  BECOMES  MODERATE  FROM  THE  SOUTHEAST,  SOUTH,  OR  SOUTHWEST, 
STRONG  SOUTHERLY  WINDS,  SOMETIMES  CARRYING  SAND  OR  DUST,  BLOW  THROUGH  THE 
MOUNTAIN  PASSES. 

B.  Temperature 

Mean  monthly  temperatures  for  the  period  1947  to  1953  are  shown 
IN  Table  I.  Due  to  the  large  anomalies  which  often  occur  in  this  region, 

ALL  stations  MUST  BE  REDUCED  TO  A  COMMON  T I  ME- 1 NTERVAL  FOR  COMPARISON. 

The  interval  beginning  with  1947  was  chosen  because  two  of  the  key  sta¬ 
tions,  Umiat  and  Barter  I sl and,  were  opened  at  that  time.  Some  of  the  data 

WERE  derived  FROM  SHORTER  RECORDS  ADJUSTED  TO  THE  FULL  '(-'(ZM  PERIOD. 

This  was  done  by  way  of  comparison  with  other  stations  over  simultaneous 

MONTHS  OR  years  OR  FROM  VALUES  AT  +  4  INCHES  ADJUSTED  TO  SHELTER  LEVEL 
ACCORDING  TO  THE  DIFFERENCES  DISCUSSED  LATER. 

The  pattern  of  isotherms  at  the  thermometer-shelter  level  for  July 
IS  shown  in  Figure  8.  Along  the  northeast  coast,  temperatures  average 
40°F,  DUE  TO  frequent,  COOL,  ON-SHORE  WINDS.  INLAND  TEMPERATURES  AVERAGE 
higher,  due  to  the  warming  of  the  land  by  INSOLATION  AND  THE  LESS  FREQUENT 
PRESENCE  OF  THE  ARCTIC  AIRMASS. 

The  50°  ISOTHERM  WAS  LOCATED  IN  AREAS  AWAY  FROM  THE  WEATHER  STATIONS 
BY  USING  THE  ALDER  AND  POPLAR  AS  INDEX  PLANTS.  DR .  JOHN  CaNTLON  AIDED  THE 
AUTHOR  IN  DOING  THIS;  ALL  POSSIBLE  ALLOWANCE  WAS  MADE  FOR  COMPENSATING 
FACTORS  WHICH  OPERATE  TO  PERMIT  PuANTS  TO  GROW  IN  SLIGHTLY  COOLER  AREAS 
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FlGURt  3.  July  normal  TCMPtRATURt  IN  ®F  (1947  TO  1953) 


OR  RESTRICT  THEM  FROM  OTHERWISE  SUITABLE  AREAS.  TEMPERATURES  IN  THE 
VALLEYS  EAST  OF  THE  HuLAHULA  RiVER  ARE  UNKNOWN,  BUT  THEY  MAY  WELL  BE 
APPRECIABLY  WARMER  THAN  SHOWN  BY  THE  SMOOTHED  ISOTHERMS. 

Temperatures  at  the  2000-foot  level  along  the  north  slope  average 

ABOUT  2F  LOWER  THAN  THOSE  AT  UmIAT.  ThIS  DECREASE  OF  TEMPERATURE  WITH 
ELEVATION  SOUTHWARD  IS  SMALLER  THAN  WOULD  NORMALLY  BE  EXPECTED,  BECAUSE 
THE  HIGHER  SLOPES  ARE  IN  THE  POLAR  AIRMASS  LESS  FREQUENTLY  THAN  THE  LOWER 

SLOPES.  Isotherms  above  the  2000-foot  level  have  not  been  drawn  in  Fig- 

URL  9>  HOWEVER,  SOUTH  OF  THIS  LEVEL  THE  AVERAGE  TEMPERATURE  DECREASE 
ALONG  THE  MOUNTAIN  FRONT  IS  ABOUT  4f°  PER  1000  FEET-  MONTHLY  EX¬ 
TREMES  OF  TEMPERATURE  AND  THE  AVERAGE  DIURNAL  RANGES  AT  BaRROW,  BARTER 

Island,  and  Umiat  are  given  in  Table  II. 

The  maritime  effects  in  summer  are  shown  by  small  ranges  at  Barrow 
AND  Barter  Island  compared  with  Umiat.  The  inland  station  experiences 
higher  maxima  in  summer.  When  the  cool  easterlies  weaken  or  cease  tem¬ 
porarily,  temperatures  rise  rapidly,  sometimes  exceeding  8o°F  at  shelter 

LEVEL.  At  these  TIMES,  TUNDRA  SURFACE  TEMPERATURES  MAY  REACH  105°F.  LoW 
SUMMER  EXTREMES  OCCUR  ALONG  THE  COAST  BECAUSE  THESE  STATIONS  ARE  NEARER 
THE  COOLING  INFLUENCE  OF  PERMANENT  ICE. 

!n  winter  (Fig.  9)^  the  average  January  isotherm  pattern  is  much 

DIFFERENT  FROM  THAT  IN  SUMMER.  THE  VAST  AREA  TO  THE  NORTH  OF  THE  COL- 

viLLE  Valley,  stretching  to  the  coast,  averages  about  -17®F.  To  the 

SOUTH,  UPSLOPE,  THE  TEMPERATURE  RISES;  THE  AVERAGE  IS  ABOUT  -]0®F  AT 

Anaktuvuk  Pass  (elevation  2000  feet).  In  general,  average  temperatures 

ABOVE  2000  FEET  ALONG  THE  ARCTIC  SLOPE  (sOUTH  OF  THE  -10®  ISOTHERM  IN 

Fig.  9)  RISE  TO  a  maximum  of  about  -1®F  around  4ooo  feet  and  then  de¬ 
crease  ABOVE  THIS  LEVEL.  ThE  MOUNTAIN  TOPS  AND  PASSES  ARE  NOT  ALWAYS 
THIS  warm;  however,  SOMETIMES  STRONG  WINDS  FORCE  THE  COLD  AIR  IN  THE 
VALLEYS  UPWARD  AND  THROUGH  THE  PASSES. 

The  LOWEST  average  temperatures  appear  IN  THE  CENTRAL  COLVILLE 
Valley,  although  it  is  possible  that  the  topography  of  parts  of  the 

UPPER  VALLEY  WOULD  PERMIT  STILL  LOWER  TEMPERATURES.  A  MINIMUM  OF  -78°F 
OCCURRED  IN  JANUARY  OF  1955  UmI  AT  (vERBAL  COMMUNICATION  BY  Lt  .  COL . 

William  M.  Thompson,  U.S.  Air  Force,  Anchorage,  Alaska).  This  was  the 

LOWEST  OBSERVED  TIE  RE  IN  10  YEARS  OF  RECORD  AND  ACCORDING  TO  WEXLER 
(194b)  WAS  ONLY  3F®  ABOVE  THE  NORTH  AMERICAN  RECORD  SET  AT  SnAG,  YuKON 

Territory,  on  3  February  1947*  There  may  be  cold,  calm  pockets  in  the 

WESTERN  PART  OF  THE  BrOOKS  RaNGE  WHERE  THE  MINIMUM  WINTER  TEMPERATURES 
ARE  LOWER  THAN  THOSE  FOUND  ELSEWHERE  ON  THE  CONTINENT. 

Thawing  indices  (degree-days  above  32°F  at  the  shelter  height  of  5 

FEET)  RANGE  FROM  ABOUT  5OO  AT  BaRROW  TO  I5OO  IN  THE  COLVILLE  VALLEY  NEAR 

Umiat.  Values  near  1200  are  found  at  the  2000-foot  level  along  the  north 

SLOPE • 
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January  normal  temperature  in  °F  (1947  to  1953). 


TARI  r  II.  MONTHLY  TEMPERATURE  EXTREMES  AND  AVERAGE  D'URNAL  RANGES  (°F)  BY  MONTHS 


UNOFFICIALLY  REPORTED  IS  JANUARY 


Freezing  indices,  or  degree-days  below  a  mean  of  32“F  at  shelter  height 

RANGE  FROM  ABOUT  9300  WITHIN  THE  AREA  ENCLOSED  BY  THE  -20°  ISOTHERM  IN  ' 

Figure  9  to  about  6000  at  Point  Hope.  Values  of  8400  occur  alonwh^ 
COAST  FROM  BaRROW  TO  BARTER  ISLAND.  AT  THE  2000-FOOT  LEVEL  ALONG  THE 
MOUNTAIN  FRONT  (AnaKTUVUK  PaSs),  THE  FREEZING  INDEX  IS  APPROXIMATELY  7500. 

c.  Precipitation 


rMD.Tc-  data  for  THE  SLOPE  ARE  SCARCE  AND  PROBABLY  INAC¬ 

CURATE.  The  EFFICIENCY  OF  GAGE  CATCH  DEPENDS  ON  THE  GAGE  SIZE,  TYProF 
WINDSHIELD,  THE  W'ND  SPEED  AT  THE  GAGE  ORIFICE,  AND  PARTICLE  SIZE  AND 

DENSITY.  Black  (1954)  concludes  from  water  equivalents  of  the  snow  cover 

2  --O  1.  TIMES  THE  .MOUNT  C.UoS? 

THE  STANDARD  O-INCH  PRECIPITATION  GAGE. 

WaRNICK  (1956),  IN  WIND  TUNNEL  TESTS,  HAS  DETERMINED  COLLECTION  EF- 

roH  p  shields  vs.  wind  s?eed' 

Conservative  interpolation  of  his  curves  between  zero  wind  and  the  lowest 

TUNNEL  SPEEDS  (aBOUT  12  MPh)  INDICATE  THAT  AN  8-.NCH  STANDARD  UNSH , LdeT 
GAGE  IS  ABOUT  60  PERCENT  EFFICIENT  DURING  SNOW  AND  A  WIND  SPEED  OF  10  MPH. 
At'I  InD^”5  ORIFICE-LEVEL  WIND  AT  BaRROW  AS  COMPUTED  FROM  MEASUREMENTS 
AT  b  AND  _33  FEET  WITH  DUE  ALLOWANCE  FOR  STRONGER-THAN-AV'-RAGE  WIND  DURING 

DUr'™'faLl';f?''°"‘  COLLECTION  EFFICIENCY  IS  PROBABLY  LOWE^ 

OF  THE  ARCTI?  ilNTr^^'r'  EXPERIENCED  DURING  MOST 

pLJeNT  Dul  L  1  EFFICIENCIES  OF  DRIZZLE  AS  LOW  AS  40 

ERCENT  DURING  A  15-MPH  ORIFICE  WIND  HAVE  BEEN  FOUND  BY  CONOVER  (l95l) 

DURING  GAGE  COMPARISONS  AT  BlUE  HILL.  THEREFORE,  IT  SEEMS  REASONABLE  TO 
estimate  that  the  ANNUAL  BaRROW  CATCH  IS  ONLY  60  TO  10  PERCENT  Ei^-PICIENT 

ANNUAL  BARTER  ISLAND  CATCH  is  ABOUT  ’ 

deficient.  DuE  TO  MUCH  L  OWER  W  I  NDS  AT  Um  I  AT  AND  T 

HIGHER  FREQUENCY  OF  RELATIVELY  LARGE  RAINDROP  SIZES  IN  SUMMER  THE  ANNUAL 
t'^n  ESTIMATED  TO  BE  85  TO  95  PERCENT.  ThE  aZ^ 

tion  of  an  Alter  shield,  described  by  the  U.S.  Weather  Bureau  (ibBlI  at 
Barrow,  in  October  1954  should  have  raised  the  effic  L^only  s^^li^Y 

SINCE  ITS  GREATEST  EFFECT  TAKES  PLACE  AT  HIGHER  WIND  SPeL^ 

III  measured  amounts  for  the  period  1947-53  are  given  in  Table 

in.  Amounts  are  lowest  in  spring,  when  the  large-scale  storms  are  farthest 

TO  THE  southland  HIGHEST  IN  THE  SUMMER.  SECONDARY  MONTHLY  MAXIMA,  IN 

October  and  November,  which  are  found  at  Barter  Island  and  Point  Hope,  are 

CAUSED  BY  ADDITIONAL  SNOWFALL  RESULTING  FROM  THE  PASSAGE  OP  COLD  WINDS  OVER 
RELATIVELY  WARM  WATER.  ThIS  PHENOMENON,  OFTEN  REFERRED  TO  AS  "lEE-SHORE 
SNOWFALL  ,  IS  COMMON  NEAR  THE  GREAT  LaKES  IN  THE  FALL. 

The  GEOGRAPHICAL  DISTRIBUTION  OF  MEASURED  ANNUAL  PRECIPITATION  IS 

SHOWN  IN  Figure  10.  Precipitation  totals,  after  allowance  is  made  for  gage 
CATCH  EFUCIENCIES,  probably  are  ABOUT  6  INCHES  OVER  THE  EXTREME  NORTHERN 
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^Broken  record,  average  of  5  values  for  individual  months 
4. 

D  SCATTERED  MONTHS  MISSING. 


COAST  AND  CENTRAL  PART  OF  THE  SLOPE,  ABOUT  12  INCHES  AT  1000  FEET,  AND  ABOUT 
10  INCHES  AT  2000  FEET  ALONG  THE  CENTRAL  PART  OF  THE  SLOPE.  ALONG  THE  EAST¬ 
ERN  AND  WESTERN  PORTIONS  OF  THE  SLOPE,  AMOUNTS  APPEAR  TO  BE  HIGHER. 

Monthly  frequencies  of  different  daily  precipitation  amounts  at  Barrow 
Barter  Island,  and  Umiat  are  shown  in  Figure  11.  Precipitation  occurs  fre-^ 
quently  but  the  daily  totals  are  small.  Even  in  summer  the  chance  of  0.5 

INCH  OF  RAIN  IN  ONE  DAY  IS  ONLY  ABOUT  1  IN  100  ALONG  THE  COAST  AND  INLAND 

ABOUT  3  IN  100.  At  Barrow  and  Umiat  the  spring  months  have  the  lowest  totals 

2UT  THEY  ARE  NOT  THE  LEAST  LIKELY  TO  EXPERIENCE  DAILY  PRECIPITATION.  HiGH 
FREQUENCIES  OF  LOW  AMOUNTS  IN  WINTER  AT  UmIAT  ARE  CAUSED  BY  THE  FREQUENT 
PERIODS  OF  ICE-CRYSTAL  FORMATION,  PROBABLY  AT  LOW  LEVELS,  AND  FALLOUT. 

Hoarfrost,  which  erroneously  has  not  been  included  in  precipitation 

MEASUREMENTS,  IS  FREQUENT  INLAND.  DEPOSITS  A  FEW  MILLIMETERS  THICK  OFTEN 
BUILD  UP  DURING  DAYS  OF  CALM  WEATHER. 


Snowfall  data  are  subject  to  considerable  error  due  to  drifting.  How¬ 
ever,  AVERAGES  HAVE  BEEN  COMPUTED  FROM  ALL  AVAILABLE  DATA  AND  ARE  PRESENTED 

IN  Table  IV.  In  nearly  all  cases  these  data  reveal  a  fall  maximum.  This 

MAY  BE  EXPLAINED  AS  THE  RESULT  OF  TEMPERATURES  BECOMING  LOW  ENOUGH  FOR  SNOW 
WHILE  ATMOSPHERIC  MOISTURE  IS  STILL  APPRECIABLE  AND  BEFORE  THE  BELT  OF  LARGE- 
SCALE  STORM  SYSTEMS  HAS  RETREATED  SOUTHWARD.  ThE  "lEE-SHORE  EFFECT"  DIS¬ 
CUSSED  EARLIER,  IS  PRESENT  AT  BaRROW,  BARTER  ISLAND,  WaINWRIGHT,  POINT  HOPE, 
AND  ESPECIALLY  AT  CapE  LiSBURNE.  HOWEVER,  THIS  DOES  NOT  EXTEND  AS  FAR  IN¬ 
LAND  AS  Umiat. 


r  The  GEOGRAPHICAL  DISTRIBUTION  OF  AVERAGE  ANNUAL  SNOWFALL  IS  SHOWN  IN 
Figure  12.  The  effects  of  elevation  are  pronounced;  in  general  the  amounts 

AT  SEA  LEVEL,  FAR  FROM  THE  MOUNTAINS,  AVERAGE  22  INCHES;  AT  1000  FEET  THEY 
AVERAGE  ABOUT  46,  AND  AT  2000  FEET,  ABOUT  71. 

Monthly  frequencies  of  different  daily  snowfalls  at  Barrow,  Barter 
Island,  and  Umiat  are  shown  in  Figure  13.  Although  no  month  is  necessarily 

FREE  OF  SNOW,  FAILS  OF  OVER  3  1 /2  INCHES  ARE  NEARLY  NON-EXISTENT.  OF  THE 

Barter  Island  receives  the  most  frequent  measurable  amounts; 

THIS  RESULTS  FROM  THE  CONVERGENCE  AND  LIFTING  OF  AIR  NEAR  THE  MOUNTAINS. 

D.  Snow  cover 


N.ONTHLY  FREQUENCIES  OF  DAILY  AMOUNTS  OF  SNOW  COVER  FOR  BaRROW, 

Barter  Island,  and  Umiat  are  shown  in  Figure  i4.  A  continuous  snow  cover 

HAS  GENERALLY  FORMED  THROUGHOUT  THE  AREA  BY  M I D-SePTEMBER -  ThF  COVER  CLEARS 

AWAY  ABOUT  mid-June  inland  and  about  a  week  later  along  the  coast.  ‘?now 

TO  *  maximum,  IN  LATE  MARCH  OR  EARLY 

April,  of  about  i4  inches  at  Barrow,  22  inches  at  Barter  Island,  IS  inches 
AT  Umiat,  and  (judging  from  meager  data)  about  28  inches  at  Anaktuvuk  Pass. 
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TABLE  IV.  NI3RMAL  MONTHLY  A^D  ANNUAL  SN<VFALL  (INCHES).  19^*7 


MONTHS 


CURE  12.  Normal  annual  snowiall 


Single  maxi  mums  range  from  22  inches  at  Umiat  to  4o  inches  at  Barter  Island. 
Undoubtedly,  greater  depths  are  found  in  the  foothills  than  in  the  Colville 
Valley.  In  late  May  of  1955^  following  a  season  of  above-average  snowfall, 
48  inches  of  snow  lay  on  the  ground  in  Anaktuvuk  Pass.  During  January, 
February,  and  March,  covers  are  never  less  than  7  inches  at  Barter  Island 
and  Umiat,  and  never  less  than  4  inches  at  Barrow. 

E.  Weather 

The  occurrence  of  thunderstorms,  rain  or  drizzle,  freezing  rain, 

SNOW  OR  SLEET,  AND  HAIL  IS  SUMMARIZED  IN  TaSLE  V.  ThE  NEAR  ABSENCE  OF  THUN¬ 
DERSTORMS  AND  RELATED  HAIL  IS  DUE  TO  THE  LACK  OF  WARM,  HUMID  DAYS  AND  LARGE- 
SCALE  CYCLONIC  STORMS  SUCH  AS  OCCUR  IN  TEMPERATE  LATITUDES.-  THUNDERSTORMS, 
WHICH  HAVE  FORMED  OVER  OR  SOUTH  OF  THE  MOUNTAINS,  OCCASIONALLY  DRIFT  NORTH¬ 
WARD,  BUT  THEY  SOON  DISSIPATE  OVER  THE  NORTH  SLOPE.  ThE  RELATIVELY  HIGH 
FREQUENCY  OF  FREEZING  RAIN  IS  CAUSED  BY  THE  PREDOMINANCE  OF  COLD  SURFACE 
AIR-  WHILE  TEMPERATURES  ALOFT  ARC  OFTEN  ABOVE  FREEZING  DURING  PRECIPITATION. 

This  causes  the  rain  to  freeze  when  it  strikes  the  surface.  The  hazard  to 

FLYING  AIRCRAFT  IS  OBVIOUS.  In  SUMMER  THE  TOTAL  TIME  DURING  WHICH  PRECIP¬ 
ITATION  is  falling  drops  to  13  TO  16  PERCENI,  BUT  IN  DECEMBER  IT  RISES  TO 
50  PERCENT  AT  UmIAT. 

F.  Sky  cover 

The  frequencies  of  occurrence  of  different  amounts  of  sky  cover 

FOR  EACH  MONTH  AT  BaRROW,  BARTER  ISLAND,  AND  UMI AT  ARE  SHOWN  IN  FIGURE  I5. 

The  WINTER  MONTHS  AVERAGE  THE  LEAST  CLOUDY.  THE  SKY  IS  USUALLY  EITHER  CLEAR 
OR  COMPLETELY  COVERED.  DURING  SUMMER  AND  FALL^ OVERCAST  SKIES  (lO/lO)  ARE 
VERY  FREQUENT.  CLOUDINESS  OVER  THE  FOOTHILLS  PROBABLY  AVERAGES  A  LITTLE 
ABOVE  THAT  AT  UmIAT.  In  WINTER  THE  APPROACH  AND  PRESENCE  OF  A  CLOUD  SHEET 

OVER  THE  Arctic  Slope  is  invariably  marked  by  a  rise  in  temperature,  and 

CLEARING  IS  QUICKLY  FOLLOWED  BY  A  FALL  IN  TEMPERATURE.  IF  A  KATABATIC 
wind  IS  BLOWING  BEFORE  THE  CLOUDS  ARRIVE,  IT  WILL  USUALLY  DIMINISH  AS  CLOUDI¬ 
NESS  INCREASES.  The  TEMPERATURE  MAY  RISE  5  OR  6F°  BEFORE  THE  CLOUDS  APPEAR, 
AND  15  OR  20“ AFTER  THEY  ARRIVE.  ThIS  FEATURE  HAS  LONG  BEEN  USED  BY  ARCTIC 
NATIVES  TO  FORECAST  STORMS. 

G.  Ceiling 


Ceiling  is  defined  as  the  level  at  which  more  than  half  the  sky  is 
OBSCURED.  Frequencies  of  the  occurrence  of  different  ceilings  for  each 
MONTH  AT  Barrow,  Barter  Island,  and  Umiat  are  shown  in  Figure  i6.  Ceiling 
HEIGHT  IS  NOT  ONLY  OF  SPECIAL  IMPORTANCE  IN  PLANNING  OPERATIONS  OF  AIRCRAFT 
BUT  ALSO  INDICATES  THE  TYPE  OF  CLOUDS  PRESENT.  Jn  WINTER,  LOW  CEILINGS  ARE 
RARE  INLAND  BUT  ARE  COMMON  FROM  MAY  TO  OCTOBER,  ESPECIALLY  NEAR  THE  COAST. 

During  this  period,  fog  or  low  clouds  form  over  the  sea  and  drift  inland 

WITH  THE  EASTERLIES.  INLAND,  INSOLATION  WARMS  THE  LAND,  AS  COMPARED  WITH 
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TABLE  V.  PERCENTAGE  FREQUENCY  OF  OCCURRENCE  OF  PRECi  PITAT I  ON  TYPES 
(FROM  HOURLY  OBSERVAT I OiNS)  AT  BARRCW,  BARTER  ISLAND.  AND  UMIAT 


STATION 

Barrow 

(9  VCARS  data) 


Bartcr  Island 
(6  YtARS  data) 


Uhi  at 

(0  t/4  YR.  data) 


RAIN 

SNOW 

THUNDER¬ 

and/or 

FREEZING 

and/or 

MONTH 

STORMS 

URI2ZLE 

RAIN 

SLEET 

HAIL 

TOTAL 

J 

0 

0 

0.9 

27.8 

0 

28.7 

F 

0 

0 

0 

3’ -5 

0 

3>-5 

M 

0.1 

0 

0.1 

29.0 

0 

29.2 

A 

0 

0.1 

0.2 

29.4 

0 

29.7 

M 

0 

0.6 

2.8 

38.0 

0 

4i.4 

J 

0 

10.0 

1 .4 

11.9 

0 

23-3 

16.9 

J 

0.1 

13.8 

0.5 

2*5 

0 

A 

0.1 

22.1 

0.6 

8.6 

0 

31 .4 

S 

0 

12.2 

2.1 

25-7 

0 

‘  4o.o 

0 

0 

0.4 

>•9 

0 

4i.4 

N 

0 

0.1 

0.5 

0 

4i  .7 

D 

0 

0 

0 

37.4 

0 

37.4 

Year 

0 

4.9 

0.9 

26.8 

0 

32.6 

J 

0 

0 

0 

18.6 

0 

18.6 

F 

0 

0 

0 

16.3 

0 

16.3 

M 

0 

0 

0 

19.3 

0 

'9-3 

A 

0 

0.2 

0.2 

23.8 

0 

24.2 

M 

0 

2.9 

30.4 

0 

35.2 

J 

0 

8.2 

2.1 

8.4 

0 

18.7 

J 

0 

15.1 

0.? 

1.2 

0 

16.6 

A 

0 

18.1 

0.3 

4.0 

0 

22.4 

S 

0 

13.4 

1-7 

i4.i 
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Figure  i6. 
500-900,  l( 


THE  LITTLE  WARMING  OF  THE  ONLY  PARTLY  ICE-FREE  SEA.  AS  THE  LAND  WARMS  THE 
AIR,  THE  RELATIVE  HUMIDITY  IS  LOWERED,  AND  THERMAL  CONVECTION  DEVELOPS.  ThE 
WARMING  OF  THE  AIR  EVAPORATES  THE  SURFACE  PORTION  OF  ANY  FOG,  CONVERTING  IT 
INTO  STRATUS  CLOUD.  ThE  ONSET  OF  CONVECTION  CHANGES  THE  STRATUS  TO  STRATO- 

cuMULus.  Inland,  in  summer,  ceilings  are  generally  highest  from  1000  to 
2200  HOURS.  Ceilings  on  the  coast  rise  slightly  near  midday.  In  winter,  a 

SLIGHT  RISE  OCCUR-S  NEAR  MIDNIGHT. 

H.  Vl SI Bl LI TY 


Visibility  is  important  not  only  for  aircraft  operations  but,  in 

THIS  REGION,  FOR  LAND  TRAVEL  ALSO.  PERCENTAGE  FREQUENCIES  OF  DIFFERENT 
VISIBILITIES  AT  BaRROW,  BaRTER  ISLAND,  AND  UmI AT  ARE  SHOWN  IN  FIGURE  17, 
Again,  the  poorest  conditions  exist  in  the  Barter  Island  region.  At  Umiat, 

THE  VISIBILITY  HAS  NEVER  BEEN  REPORTED  AS  POOR  IN  JuNE  AND  JULY.  INTER¬ 
MEDIATE  VISIBILITIES,  WHICH  ARE  THE  MOST  FREQUENT  CLAS''^  IN  TEMPERATE  LATI¬ 
TUDES,  ARE  INFREQUENT  AND  CAUSED  ONLY  BY  PRECIPITATION  ON  THE  ARCTIC  SLOPE. 

Smoke  and  haze  practically  never  occur  over  the  Slope,  Between  22  and  27 
June  1952j  during  east  winds,  several  dust  counts  were  attempted  by  the 
author  while  at  Umiat,  using  an  Owens  counter.  After  180  pumpi^ng  strokes 

ON  THE  instrument,  NO  DUST  WAS  DETECTED. 


Table  VI  lists  the  percentage  frequencies  of  visibilities  under  1' 

MILE  and  their  CAUSE.  THE  TABLE  SHOWS  THAT  LOW  VISIBILITIES  DUE  TO  BLOW¬ 
ING  SNOW  ARE  COMMON,  ESPECIALLY  AT  BARTER  ISLAND.  OTHER  OBSERVATIONS  SHOW 
or^L*v  VISIBILITY  IS  REDUCED  ALMOST  TO  ZERO  FOR  DAYS  BY  WINDS 

OF  ONLY  15  TO  20  MPH  AND  VERY  LIGHT  SNOW.  MANY  OF  THE  WINTER  CASES  OF  LOW 
VISIBILITIES  DUE  TO  F06  WERE  CAUSED  BY  ICE  FOG.  |n  SUMMER,  THE  LOWEST 
VISIBILITIES  ARE  NORMALLY  FOUND  DURING  THE  "nIGHTTIME"  HOURS.  In  WINDER 

THERE  IS  A  SLIGHT  TENDENCY  FOR  THE  LOWEST  VISIBILITIES  TO  OCCUR  NEAR  MIdI 
DAY . 


I.  Insolation 


During  the  summer,  solar  radiation  on  a  horizontal  surface,  as 
MEASURED  BY  AN  EPPIFY  PYRHEL omETC.R,  IS  SURPRISINGLY  HIGH,  ESPECIALLY  IN 
VIEW  OF  THE  CONSIDERABLE  CLOUDINESS.  AVERAGES  AT  BaRROW,  OBTAINED  FROM 
ALMOST  FOUR  YEARS  OF  NE ARL Y, CONT I NUOUS  OBSERVATION,  SHOW  A  SKEWED  SOLAR 

18)-  The  maximum  OCCURS  NEAR  4  June  rather  than  at 

THE  SOLSTICE.  AVERAGE  DAILY  RADIATION  IN  LANGLEYS  (l  LANGLEY  =  1  GM-CAl/ 

CM^)  IN  May  is  about  538,  and  in  August,  255.  Data  based  on  two  summers 

AND  one  autumn  INDICATE  THAT  THE  DISTRIBUTION  OF  RADIATION  IS  ABOUT  THE 
SAME  AT  BOTH  BaRROW  AND  UmIAT, 


The  HIGH  insolation  values  in  May  and  early  June,  the  season  when  a 
SNOW  COVER  IS  STILL  PRESENT,  CAN  BE  ATTRIBUTED  TO  WHAT  GeIGER  (1950,  P.l64) 
AND  OTHERS  CALL  THE  "l I GHT  CLIMATE"  ABOVE  THE  SNOW.  At  THIS  T 1  ME,  PART  OF 
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Monthly  pekccntacc  rRcaucNC 


TABLE  VI. 


percentage  FREQUENCY  OF  OCCURRENCE  OF  VISIBILITIES  UNDER  I  MILE 


fER  ISLAND.  AND  UMIAT 


itjgaagWiii 


ST AT  I  ON 

Barrow 
(9  YCARS) 


Barter  Island 
(6  years) 


Umi  at 

(8  l/4  years) 


CAUSE  OF  LCW  VISIBILITY 
SMOKE 

and/or  BLOWING 
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Figure  18.  Average  daily  insolation  on  a  horizontal  surface  in  langleys 
(solid  line)  1951  TO  1954  AND  FAIRBANKS  (daSHED  LINe)  I933  TO 

PASSING  THROUGH  A  CLOUD  LAYER  TO  REACH  THE  SUR¬ 
FACE  OF  THE  EARTH,  IS  REFLECTED  FROM  THE  SNOW  TO  THE  CLOUDS  AND  BACK  AGAIN. 

AMOM^T  »  reflecting  THE  SOLAR  RADIATION,  REDUCES  THE 

AMOUNT  RECEIVED  BY  THE  SURFACE  AS  A  WHOLE,  IT  EFFECTIVELY  INCREASES  THE 
RADIATION  RECEIVED  AT  THE  PYRHEL I OMETER . 

Rrcr.Irn  SUGGESTS  THAT  THE  ORIGINAL  INSOLATION 

RECEIVED  AT  THE  PYRHEL I OMETER  IS  INCREASED  BY  A  FACTOR  OF  ABOUT  1.5  IN 

mid-May  and  1.4  in  early  June  because  of  reflection  from  the  snow  to  the 

CLOUDS  AND  BACK.  Th^E  FACTORS  ARE  PROBABLY  COW  BECAUSE,  ACCORDING  TO 
FuQUAY  and  BuETTNER  (1957),  the  EPPLEY  P.^HCL I OMETER  READS  LOW  DURING 

reflection  from  into  the  INSTRUMENT.  FURTHER¬ 

MORE,  THE  TREND  TOWARD  HIGHER  AMBIENT  TEMPfRATURES  FROM  DAY  TO  DAY  DUR¬ 
ING  THIS  TIME  OF  THE  YEAR  ALSO  LOWERS  THE  OUTPUT  9F  THE  PYRHEL I OMETER 
FOR  GIVEN  AMOUNTS  OF  RADIATION.  AFTEZ:  THE  SNOW  COVER  IS  GONE,  THE  HIGH 
PERCEN.AGE  OF  CLOUDINESS  CAUSES  -N  INC  '^ASe  OF  ONLY  ABOUT  1.1  I  N  THE 
ORIGINAL  INSOLATION  RECEIVED  AT  t.,rF  JMETER .  THUS,  THE  HIGH  IN¬ 

SOLATION  VALUES  OBSERVED  AT  THE  PYRHu..  .OMETER  FROM  APRIL  TO  MiD-JUNE  DO 
LITTLE  TOWARD  WARMING  THE  SURFACE.  HOWEVER,  IF  PART  OF  THE  RADIATION 
WERE  TRAPPED  IN  A  GREENHOUSE  OR  SIMILAR  DEVICE,  IT  WOULD  BE  USEFUL  TO  MAN. 

Even  in  late  June  and  early  July,  when  the  snow  cover  is  gone,  heating 
OF  the  air  is  still  retarded  because  much  OF  THE  INSOLATION  IS  USED  IN 
THAWING  A  FEW  INCHES  OF  FROZEN  SOIL.  DURING  THE  LATTER  PART  OF  JuLY,  SOLAR 
RADIATION  HEATS  THE  SURFACE  LAYERS  OF  THE  AIR  MUCH  AS  IT  DOES  IN  THE 
SOUTHERN  LATITUDES.  INSOLATION  OVER  THE  SLOPE  IN  AUGUST  IS  ABOUT  20  PER- 
CENT  LOWER  THAN  AT  FAIRBANKS  AND  IT  IS  ABOUT  THE  SAME  AS  IN  LATE  OCTOBER 

AT  Blue  Hill  Observatory  in  eastern  Massachusetts.  In  September,  it 

AVERAGES  BELOW  ANY  WINTER  VALUES  AT  BlUE  HiLL. 
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j.  Potential  evapo-transpiration 


According  to  Thornthwai te 's  moisture  index  (1948),  Umiat  and  Barrow 

ARE  SEMI  arid.  CALCULATION  OF  POTENTIAL  EVAPO-TRANSPIRATION  INDICATES  THAT 

Umiat  is  micro-thermal  and  Barrow  is  tundra.  The  moisture  index  based  on 

MEASURED  PRECIPITATION  AMOUNTS  IS  -3O,  OR  SEMI  ARID,  AT  UmIAT  AND  BaRROWJ  HOW¬ 
EVER,  WHEN  THE  ESTIMATED  CORRECTED  PRECIPITATION  AMOUNTS  ARE  USED,  THE  INDEX 
BECOMES  -26,  OR  SEMI  ARID  AT  UmI AT  AND  -l4,  OR  DRY  SUBHUMID  AT  BaRROW.  ThESE 
CLASSIFICATIONS  APPEAR  TO  HAVE  LITTLE  MEANING  EXCEPT  WHERE  THE  ACTIVE  LAYER 
IS  DEEP  (i.E.,  GREATER  THAN  3  OR  4  FEEt)  AND  DRAINAGE  CONDITIONS  ARE  GOOD. 

Elsewhere,  the  nearness  of  the  permafrost  to  the  surface  keeps  the  moisture 

CONTENT  OF  THE  SOIL  HIGH.  A  FEW  MEASUREMENTS  INDICATE  THAT  THE  WATER  CONTENT 
OF  SOILS  AT  THE  MICROCLIMATIC  STATIONS  GENERALLY  RANGES  FROM  2^  TO  35  PERCENT. 

K.  Freeze  and  break-up 


At  Umiat,  the  Colville  River  normally  breaks  up  about  24  May.  In 

FIVE  years  the  maximum  PLUS  AND  MINUS  DEVIATIONS  FROM  THIS  DATE  WERE  12  DAYS. 
The  average  date  on  which  it  becomes  safe  for  a  man  to  walk  on  the  ice  is 
18  October;  the  average  date  on  which  it  becomes  unsafe  is  17  May.  At  Barrow, 
THE  average  safe  DATE  IS  4  OCTOBER  AND  THE  AVERAGE  UNSAFE  DATE  IS  22  JULY.  ’ 

Very  complete  climatological  tables  of  additional  frequencies  of  Occur¬ 
rence  AND  AVERAGES  PERTAINING  TO  THE  SECTIONS  DISCUSSED  ABOVE  FOR  BaRROW, 

Umiat,  and  Barter  Island  have  been  prepared  by  the  U.S.  Air  Force  (no  date). 

If  data  ARE  desired  in  these  forms,  reference  SHOULD  BE  made  to  these  publi¬ 
cations. 


5*  Climatic  trends 


When  the  climate  of  an  area  is  described  mostly  in  terms  of  averages 

AND  EXTREMES  OVER  A  SHORT  TIME  AS  IT  HAS  BEEN  IN  THIS  CASE,  IT  IS  HELPFUL 
TO  KNOW  SOMETHING  OF  THE  CLIMATE  IN  THE  PAST  AND  WHAT  THE  TRENDS  HAVE  BEEN. 

For  this  we  must  rely  on  Point  Barrow's  fairly  homogeneous  record,  the  long¬ 
est  jn  THE  AREA,  WHICH  EXTENDS  BACK  TO  1921.  ThE  SEQUENCY  OF  10-YEAR  "FLOAT- 
ING  MEANS  SHOWS  A  DOWNWARD  TREND  OF  JULY  AND  AUGUST  TEMPERATURES,  COMBINED 
OF  ABOUT  IF  FROM  THE  1920'S  TO  THE  LATE  1 940 '  S .  SiNCE  THEN,  IT  HAS  RECOV¬ 
ERED  ABOUT  3/'^F  ,  ALTHOUGH  THE  SUMMERS  OF  1 955  AND  I956  WERE  THE  COLDEST  ON 
RECORD  WITH  AVERAGES  OF  35.2°F.  ThE  SUM  OF  THE  J’JLY  AND  AUGUST  PRECIPITA¬ 
TION  DECLINED  FROM  ABOUT  2  INCHES  TO  1  INCH  IN  THE  MIDDLE  OF  THE  RECORD  AND 
THEN  INCREASED  TO  1  3/4  INCHES  TOWARD  THE  END. 


The  average  of  the  December,  January^  and  February  temperatures  show  a 

MARKED  RISE  OF  3F  FROM  THE  1 920 ' S  TO,  ROUGHLY,  1939,  THEN  A  FALL  OF  5F°  IN 
THE  10-YEAR  PERIOD  ENDING  WITH  1955-56. 

A  COMPARISON  OF  THE  COMPLETE  BaRROW  RECORD  WITH  THE  1947-1953  NORMAL 
PERIOD  USED  IN  THE  ABOVE  DISCUSSIONS  SHOWS  THAT  THE  7-YEAR  PERIOD  AVERAGED 
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WITH  ONLY  A  0.2F 


IF”  COLDER  IN  THE  WINTER  AND  1 F°  WARMER 
DIFFERENCE  BETWEEN  ANNUAL  AVERAGES. 


IN  THE  SUMMER 


Differences  between  the  complete  record  of 

YEAR  PERIOD  WERE  INSIGNIFICANT. 


PRECIPITATION 


AND  The  7“ 


r.T,o»“LZM'r  *»■> 

temperature.  nt-Mvit-n  wiiH  HIGHER  MEAN 


«  =  »BV  OCB.«,  „,°3.  L“  ^"“Krr'  !"' 

VBT  .B,.„CED  TO  .  STAOO  mUZ  SPECnc  RESOLTS  crBroIvE"! 


6.  The  MICROCLIMATE 


TURF  temperature  IS  DIRECTLY  RELATED  TO  SURFACE  TEMPERA- 

KE.  That  is,  warm  ground  temperatures  tend  to  be  found  below  warm  Rno 
face  temperatures  and  vice  versa  Turorr^nr  ^ 

TURE  IT  IS  IISIIA,  ,v  arcT  VERSA.  THEREFORE,  IN  ESTIMATING  GROUND  TEMPERA¬ 
TURE  IT  IS  USUALLY  BEST  TO  ESTIMATE  THE  SURFACE  TEMPERATURE  FIRST  q.iPTArr 

temperatures  on  the  Arctic  Slope,  when  the  ground  is  R.Ir  L  !  Surface 
CHANGES  IN  INSOLATION  MORE  CLOSELY  T^N  THEY  DoTn'temP^^TC  La7;uDE°s'°" 
where  the  over-lying  airmasses  change  more  frequently.  ^ 

The  most  important  factors  that  affect  surface  temperatures  other 

HAN  insolation,  ARE  VEGETATION,  DEPTH  AND  DENSITY  OF  SNOW  COVEr’  AIR  TEM 
PBBATUBB,  PPEC,P,T.T,0»,  W,NO,  EVAPORATION,  CONDENSATION  ANS.oiEpjHr 
Arctic  Slope,  tke  proximity  and  moisture  content  op  tne  ^rw";  lIyer  The 

CHIEF  EFFECT  OF  VEOETATION  IS  IN  SCREENINO  THE  SURFACE  FROr^NSOL^^^N 

Tall  vegetation  retards  the  wind  and  hinders  its  contact  with  the  surfacf 
A  SNOW  COVER  ALWAYS  TENDS  TO  INHIBIT  SUDDEN  TEMPERATURE  crJoEl  ^TTir 

the  SOLlrR:D°:TTo»ro“T';E  «ER™r'0N°LY‘20"Y°o  So"'*” 

COMPARED  WITH  ALMOST  ^0  TO  80  PERCENT  WITHOUT  A  SNoicOvS .  '  ^irSNOW^MS 
ALSO  AS  AN  insulator;  THE  LOWER  ITS  DENSITY  THE  BETTER  I»r | yI'nSUL^T ‘nI 


^^Verbal  communi  cation 
WOOD  Pl.,  Menlo  Park, 


from  Arthur  H.  Lachenbruch,  Geological  Survey, 
California. 


4  Home- 
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PROPERTIES,  AND  THE  GREATER  ITS  DEPTI^THE  MORE  EFFECTIVE  IS  THIS  PROPERTY* 

Precipitation  tends  to  modify  the  surface  temperatures  toward  the  tempera¬ 
ture  OF  THE  precipitation.  USUALLY  THE  RESULT  IS  TO  COOL  THE  SURFACE.  A 
LACK  OF  WIND  ALLOWS  STRONG  SOLAR  OR  OUTGOING  RADIATION  TO  HAVE  A  MAXIMUM 
EFFECT  ON  THE  SURFACE  TEMPERATURE.  WiND  DECREASES  THESE  EFFECTS  BY  REMOV¬ 
ING  OR  ADDING  HEAT  THROUGH  TURBULENCE.  EVAPORATION  IS  A  COOLING  PROCESS] 
ITS  EFFECT  MAY  BE  PRONOUNCED, AS  IN  THE  CASE  OF  WET  MOSS  DURING  A  DRY  DAY. 
The  EVAPORATION  OF  RAINWATER  ALSO  COOLS  THE  SURFACE.  CONDENSATION  LIBER¬ 
ATES  HEAT,  BUT  THE  AMOUNT  OF  HEAT  ADDED  TO  THE  SURFACE  BY  THIS  PROCESS  IS 
BELIEVED  TO  BE  RELATIVELY  SMALL.  DURING  THE  THAWING  PROCESS,  ADDITIONAL 
HEAT  IS  REQUIRED  TO  CONVERT  ICE  TO  WATER*  ThE  HIGHER  THE  MOISTURE  CONTENT  OF 
FROZEN  SOIL,  THE  MORE  ICE  IT  CONTAINS.  CONSEQUENTLY^ MORE  HEAT  IS  REQUIRED 
TO  THAW  IT.  The  freezing  process  OPERATES  IN  THE  SAME  WAY  EXCEPT  THAT 
HEAT  MUST  BE  REMOVED.  WHEN  THE  LEVEL  OF  FROZEN  GROUND  IS  NEAR  THE  SURFACE 
IT,  THEREFORE,  TENDSTO  "REFRIGERATE"  THE  SURFACE. 

Although  the  temperature  in  the  Gf ound  below  the  surface  tends  to 

FOLLOW  THAT  AT  THE  SURFACE,  THE  LAG  VARIES  WITH  THE  THERMAL  PROPERTIES  OF 
THE  SOIL.  In  general,  THE  HIGHEST  ANNUAL  GROUND  TEMPERATURES  (uPPER  2 
TO  4  feet)  are  found  in  gravelly,  well-drained,  and  THEREFORE,  DRY  BARE 
SOILS.  In  summer  the  ground  is  warmed  least  in  the  POORLY  DRAINED,  WET 
AREAS  THAT  ARE  HEAVILY  VEGETATED  (mOSS).  A  LARGE  ICE  CONTENT  SLOWS  THE 
WARMING  PROCESS  BECAUSE  OF  THE  HEAT  REQUIRED  TO  THAW  THE  ICE. 

An  unusually  complete  discussion  of  ground  temperatures  and  ASSEMBLAGE 

OF  DATA,  INCLUDING  A  LARGE  BIBLIOGRAPHY,  HAS  BEEN  PREPARED  BY  ChANG  (I958). 

A.  Temperature 

The  GENERALITIES  REGARDING  THE  THERMAL  PROPERTIES  OF  THE  GROUND 
AND  THE  HEAT  FLOW  THROUGH  IT  ARE  ILLUSTRATED  IN  FIGURE  I9  BY  THE  TIME- 
HEIGHT  CROSS  SECTION  OF  TEMPERATURES  OBSERVED  ON  A  SUNNY  DAY  AT  UmIAT  BaSE. 

The  surface  on  19  June  was  dry  and  the  thin  layer  of  dead  grass  provided 

A  GOOD  INSULATOR  WHICH  RETARDED  THE  FLOW  OF  HEAT  INTO  THE  SOIL.  AS  SOLAR 
RADIATION  INCREASED,  THE  AIR  TEMPERATURE  AT  THE  SITE  ROSE  FIRST  AT  THE  2- 
INCH  TO  6-FOOT  levels.  ThIS  WAS  BECAUSE  THE  IMMEDIATE  SURROUNDING  GRASS 
AND  SHRUBS  "tRAPPEd"  THE  NOCTURNALL Y-COOLED  AIR  NEXT  TO  THE  GROUND]  THE 
WARMER  AIR  WAS  WAFTED  OVER  AND  ABOVE  FROM  WARMER  REGIONS.  HOWEVER,  BY 
1000  THE  COOL  LAYER  WAS  COMPLETELY  ERADICATED  AND  THE  SURFACE  WAS  THE 
WARMEST  LEVEL.  FrOM  1100  TO  l400,  THE  SURFACE  TEMPERATURE  AVER  AGED  91° F] 
MUCH  OF  THE  HEAT  WENT  INTO  WARMING  THE  AIR,  HOWEVER,  AS  SHOWN  BY  THE  RISING 
60°  AND  70°  ISOTHERMS. 

Below  the  surface,  the  heat  was  transferred  downward  more  slowly  in 

THE  EARLY  MORNING  HOURS  THAN  IN  THE  EARLY  AFTERNOON  HOURS  AFTER  THE  SURFACE 
HAD  BECOME  HOT.  BETWEEN  1 9OO  AND  2000,  THE  INCOMING  RADIATION  HAD  DIMIN¬ 
ISHED  TO  AN  AMOUNT  INSUFFICIENT  TO  MAINTAIN  A  SURFACE  WARMER  THAN  THE  AIR 
NEXT  TO  IT.  At  THIS  TIME  THE  SURFACE  TEMPERATURE  FELL  BELOW  THE  AIR  TEM- 
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CROSS  SECTION  or  TCMPC^ATURC  (“T),  WIND, AND  SOLAR  RADIATION  ON  SUNNY 
IS  FROZEN. 


PERATURE,  AND  AN  INVERSION  WAS  SET  UP.  3y  ABOUT  2400,  FURTHER  COOLING  OF 
the  surface  HAD  LOWERED  ITS  TEMPERATURE  BELOW  THAT  OF  THE  SOIL  IMMEDIATELY 
UNDERNEATH.  AT  0200  THE  SURFACE  MINIMUM  WAS  REACHED,  AND  SUCCESSIVE  MINI- 
MUMS  OCCURRED  AT  -1  INCH  1  HOUR  LATER,  AT  -2  INCHES  2  1 /2  HOURS  LATER  Awr, 
AT  -4  INCHES  3  HOURS  LATER.  ThE  FROST  WAS  MELTED  SLIGHTLY  AS  THE  HEAT 
WAVE  REACHED  IT,  BUT,  DUE  TO  THE  FACT  THAT  80  CALORIES  ARE  REQUIRED  TO 
THAW  1.1  CMO  OF  ICE,  IT  IS  CLEAR  THAT  THE  HEAT  IS  QUICKLY  SPENT  IN  CONVERT¬ 
ING  FROZEN  SOIL  AT  32  F  TO  MUD  AT  32°F.  ThE  FOLLOWING  DAY  EXHIBITED  A 
SIMILAR  PATTERN  ALTHOUGH  THERE  WAS  I5  PERCENT  LESS  SOLAR  RADIATION  UNTIL 
NOON,  AND  STRONGER  WINDS  PERMITTED  ONLY  A  52F‘’  RISE  OF  THE  SURFACE  TEM¬ 
PERATURE,  AS  COMPARED  WITH  5°*^°  ON  THE  PREVIOUS  DAY. 

These  processes  are  still  working  in  winter,  but  the  picture  is  quite 

DIFFERENT,  AS  SHOWN  BY  THE  4  OCTOBER  DATA  IN  FIGURE  20.  ThE  IMPORTANT  DIF¬ 
FERENCE  BETWEEN  THIS  AND  THE  SUMMER  EXAMPLE  IS  THE  3-1 NCH  SNOW  COVER.  UN¬ 
FORTUNATELY,  NO  THERMOCOUPLE  WAS  PLACED  AT  THE  SNOW  SURFACE,  THEREFORE,  THE 
ISOTHERMS  HAVE  BEEN  ESTIMATED  THROUGH  THIS  ZONE.  VERY  LIGHT  SNOW  AMOUNTING 
TO  ONLY  A  TRACE  FELL  THROUGH  MOST  OF  THE  HOURS  OF  DARKNESS,  CONSEQUENTLY, 

THE  SURFACE  DID  NOT  COOL  AS  MUCH  AS  IT  WOULD  HAVE  DURING  A  CLEAR  NIGHT. 

However,  it  was  clear  and  calm  during  the  day  and  the  pyrhel i ometer  receivec 

LANGLEYS  BY  NOON.  ASSUMING  AN  ALBEDO  OF  8O  PERCENT  FOR  FRESHLY  FALLEN 
SNOW,  THIS  LEAVES  ONLY  ABOUT  I9  LANGLEYS  FOR  HEATING  THE  SNOW  SURFACE  UNTIL 

NOON.  According  to  Geiger  (1950,  p.  166)  50  percent  of  the  radiation  that 

GETS  THROUGH  THE  SNOW  SURFACE  PENETRATES  10  CM.,  OR  IN  THIS  CASE,  DOWN  TO 
THE  SOIL  SURFACE.  Th  I S  WAS  BORNE  OUT  BY  THE  DATA  FROM  THE  GROUND  SURFACE 
AND  +2- I  NCH  LEVELS  WHICH  ROSE  7  AND  10F%  RESPECTIVELY.  At  THE  SURFACE  A 
RISE  OF  BETWEEN  20  AND  25F  PROBABLY  OCCURREDJ  A  MEASURED  RISE  OF  ITF” 
OCCURRED  AT  THE  +24-1 NCH  LEVEL.  ' 

In  THIS  CASE,  THE  DATA  INDICATE  A  SLIGHT  DOWNWARD  MOVEMENT  OF  THE 
ISOTHERM  (freezing)  DURING  THE  MORNING,  TO  BE  FOLLOWED  BY  AN  UPWARD  MOV^ 
MENT  (THAWING  FROM  BELOw)  AS  THE  GRADIENT  RELAXED  IN  THE  AFTERNOON.  ThE 
MOTION  OF  THE  MAXIMUM  TEMPERATURE  WAVE  DOWNWARD  INDICATES  THE  RATE  OF  HEAT 
PENETRATION  THROUGH  SNOW  OR  SO'lLS  OF  DIFFERENT  THERMAL  PROPERTIES.  ThE 
RATE  IS  LOW  WHERE  SNOW  IS  THE  LEAST  DENSE,  BUT  INCREASES  NEAR  THE  GROUND  AS 
THE  DENSITY  INCREASES.  WiTHIN  THF  FROZEN  GROUND,  THE  LAG  IS  LESS  THAN  IN 
THE  THAWED  GROUND  OF  SUMMER. 


In  ORDER  TO  COMPARE  THE  DATA  GATHERED,  MEANS  AND  EXTREMES  HAVE  BEEN 
COMPUTED.  The  more  significant  of  these  are  presented  in  THE  FOLLOWING 

V.EEKLY  AVERAGE  SOIL  AND  AIR  TEMPERATURES 
WILL  BE  FOUND  IN  TABLES  I  AND  I !  OF  THE  APPENDIX. 

Average  temperatures,  computed  from  hourly  average  values,  at  the  sites 

FOR  THE  SEASON,  27  JUNE  TO  28  AUGUST  1953>  ARE  GIVEN  IN  TaBLE  VI  I- 

Equal  average  temperatures  at  +4  and  -4  inches  at  Site  1A  are  apparentl 
characteristic  of  a  steep,  south-facing,  POORLY-VENTILATED  SLOPE  WHERE  ^HE 
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TABLE  VII.  AVERAGE  TEMPERATURES  ( “F)  AT  THE  +4- AND  .4-INCH  LEVELS  FROM 

27  JUNE  TO  28  AUGUST  I953 


Site  and  description 

+4  IN. 

-4  IN. 

Dl  FF 

Umiat  Base  Polygon  in  Colville  Valley  - 

ALDER  CLUMP. 

47.8 

39-0 

8.8 

UmiatBase  -  low  tussocks,  22  ft.  WSW 

OF  ABOVE  SITE. 

39.2 

Umiat  1  -  S  slope,  closely  packed 

10-FT.  ALDERS. 

4o.o* 

Umiat  1A  -  steep  S  slope,  bouldery 
soil  partially  bare,  low  grasses,  bedrock 

AT  9  inches. 

49.0 

49.2 

-0.2 

Umiat  2  -  steep  S  slope,  closely  packed 

8-ft.  .'lders. 

q 

0 

Umiat  3  -  ridge  top,  scattered  {3-6  in.) 
tussocks. 

47.4 

4i  .2 

6.2 

Umiat  4  -  slight  N  slope,  medium  (10  in.) 

TUSSOCK-HEATH. 

47.1 

39-7 

7.4 

Umiat  5  -  slight  S  slope,  medium  (5-8  in.) 

TUSSOCK -HEATH. 

48.8 

42.2 

6.6 

Cache  5  -  slight  ESE  slope,  close  heath 

TUSSOCK  (5-8  IN.) 

45.8 

4o.6 

5-2 

Cache  6  -  on  raised  edge  of  flooded 

POLYGONS. 

43.8 

Mountain  -  flat,  low  heath-moss-lichen, 
APPROX.  2500  FT.  MSL. 

42.1 

37-9 

4.2 

^Adjusted  to  the  1953  season  from  1952  data. 
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ACTIVE  LAYER  IS  DEEP.  ThE  LACK  OF  WATER  AND  ICE  IN  THE  ROCK,  AS  WELL  AS 
THE  rock's  higher  CONDUCTIVITY  ALLOW  IT  AND  THE  LAYER  OF  SOIL  ABOVE  IT  TO 
WARM  RAPIDLY.  ThE  GREATEST  DIFFERENCE  BETWEEN  +4-AND  -4-INCH  TEMPERATURES 
WAS  FOUND  IN  THE  DEPRESSED  CENTER  POLYGON  AT  UmIAT  BASE  WHERE  THE  GROUND 
WAS  SOMEWHAT  SHADED  AND  MANY  ICE  LENSES  WERE  PRESENT  JUST  BELOW  THE  SURFACE 
CAUSING  A  STEEP  THERMAL  GRADIENT.  LOW  AIR  AND  GROUND  TEMPERATURES  AT  THE 
MOUNTAIN  STATION  ARE  APPARENTLY  LARGE-SCALE  PHENOMENA  SINCE  THE  EXPOSURE 
IS  SIMILAR  TO  THAT  AT  UmIAT  BaSE.  AiR  TEMPERATURES  AT  CACHES  5  AND  6  WERE 
FOUND  TO  BE  LOWER  THAN  THOSE  AT  Umi AT  DUE  TO  THE  PROXIMITY  OF  THE  SEA. 

The  DIFFERENCES  OF  SOIL  TEMPERATURES  FOUND  ALONG  THE  UmIAT  TRANSECT 
ARE  LARGELY  A  RESULT  OF  EXPOSURE  AND  GROUND  COVER.  STATIONS  1  AND  2 
ALTHOUGH  HAVING  NEARLY  THE  SAME  EXPOSURE  AS  1 A .  EXPERIENCE  COLDER  GROUND 
TEMPERATURES  BECAUSE  OF  THE  TALL  TREES.  ThE  +4-1 NCH  AVERAGES  GIVEN  ABOVE 
ARE  ABOUT  3  1  2F  BELOW  THE  7-YEAR  NORMALS,  WITH  THE  EXCEPTION  OF  THE 
MOUNTAIN  STATION,  WHICH  WAS  ABOUT  2F“  BELOW  NORMAL.  THIS  IS  ESTIMATED 
FROM  THE  FACT  THAT  THE  SHELTER  TEMPERATURES  FOR  THAT  PERIOD  DEPARTED  BY 
THESE  AMOUNTS  FROM  THE  7-YEAR  NORMAL. 


Average  vertical  temperature  profiles  at  Umi at  Base  for  weeks  in 

EARLY  summer.  MIDSUMMER,  EARLY  FALL,  AND  MIDWINTER  AT  FOUR  SELECTED  HOURS 

ARE  SHOWN  IN  Figure  21,  During  midsummer,  a  slight  inversion  in  the  air 

USUALLY  OCCURS  NEAR  MIDNIGHT.  AT  THIS  TIME,  THE  SOIL  IS  WARMEST  ABOUT  1 
INCH  BELOW  THE  SURFACE.  UNDER  IDEAL  CONDITIONS  FOR  SURFACE  HEATING,  MID¬ 
DAY  SURFACE  temperatures  AVERAGE  90°F  WHILE  THE  -2-INCH  AND  -4-INCH  TEMPERA- 
TURES  AVERAGE  jJ  AND  42  F,  RESPECTIVELY.  By  MID-AuGUST,  THE  HIGH  SURFACE 

midsummer  are  FOUND  ONLY  ON  THE  1200  TO 
1300  PROFILE.  With  the  approach  of  fall,  the  duration  of  a  warm  surface 

DECREASES  WHILE  THE  DURATION  OF  A  MAXIMUM  BELOW  THE  SURFACE  INCREASES. 
ROFILES  FOR  MIDWINTER  ARE  ALSO  SHOWN.  VALUES  NEAR  THE  SNOW  SURFACE  WERE 

estimated.  Note  the  lack  of  diurnal  change  during  this  sunless  period. 

A  SERIES  OF  curves  SHOWING  THE  AVERAGE  HOURLY  TEMPERATURES,  THE  MAXI¬ 
MUM  AND  MINIMUM  VALUES  FOR  EACH  HOUR,  AND  SIMILAR  TYPE  OF  DIURNAL  COURSE 
OF  SOLAR  RADIATION  FOR  SELECTED  WEEKS  ARE  SHOWN  IN  FIGURE  22A,  B,  C,  AND  D. 
The  REDUCTIONS  IN  INSOLATION  AND  AIR  TEMPERATURES  JUST  AFTER  NOON  DURING 
THE  WEEK  OF  I3  TO  I9  JUNE  RESULT  FROM  AN  INCREASE  IN  CLOUDINESS  AT  THAT 

GROUND  WAS  PARTIALLY  SHADED  BETWEEN 

1300  and  1600.  This  effect  shows  in  the  surface  to  -2-inch  curves  during 

THE  WEEK  OF  25  TO  3I  JuLY.  UnT | l  ABOUT  MID-AuGUST,  THE  SURFACE  MAXIMUM 
OCCURS  NEAR  I23O  AND  THE  -4  INCH  MAXIMUM  LAGS  ABOUT  5  1 /4  HOURS.  FroM  Ml D- 
AUGUST  until  the  time  of  SNOW  COVER,  THE  SURFACE  MAXIMUM  OCCURS  NEAR  1330 
AND  THE  -4-1 NCH  MAXIMUM  ABOUT  4  1 '4  HOURS  LATER.  ThIS  APPARENT  CHANGE  IN 
RATE  OF  PENETRATION  IS  DUE  TO  A  CHANGE  FROM  A  LARGE  GRADIENT  DURING  THE 
first  period  TO  A  MEDIUM  ONE  LATER.  ThE  MAXIMUM  AVERAGE  SURFACE  TEMPERA¬ 
TURE  FOR  ONE  HOUR,  101  F,  WAS  RECORDED  IN  JULY.  WiTH  THE  APPROACH  OF  FALL, 
THE  THIRD  WEEK  SHOWN,  ALL  AMPLITUDES  DIMINISH  AND  IN  MIDWINTER  THE  DIURNAL 
CHANGES  ARE  ALMOST  ABSENT. 


30  50  30  50  30  50  70  30  50  70  30  50  70 

FiGURe  2 IB.  25-31  JUNt  1953 


Figure  21.  Average  weekly  vertical  temperature  (°F)  profiles 
AT  UmIAT  BaSE;  from  "JZ  inches  above  to  zk  INCHES  BELOW  THE  GROUND 
SURFACE  AT  FOUR  SELECTED  HOURS  AND  AVERAGES  OF  THE  24-HOUR  PERIODS. 
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'iGURE  21D.  26  December  1953-1  January  1954 


^3 


13-19  JUNE,  1953 


25-31  JULY,  1953 


Figure  22B.  Average  hourly  temperatures  (°F) 

AND  BELOW  THE  GROUND  SURFACE,  AND  SOLAR  RADI  A 
DURING  A  WEEK  IN  JULY  I953  UMIAT  BaSE.  Th 
VALUES  IS  SHOWN  BY  THE  STIPPLED  AREAS.  THE  D 
WEEK  ARE  SHOWN  ON  THE  RIGHT. 


12-18  SEPT.,  1953 


E-WR. 


r50 

-2" 

Figure  22C.  Average  hourly  temperatures  (“F)  at  fixed  levels  above 

AND  BELOW  THE  GROUND  SURFACE,  AND  SOLAR  RADIATION  (toP,  IN  LANGLEYs) 
DURING  A  WEEK  IN  S.EPTEMBER  1953  AT  UMIAT  BaSE.  ThE  WEEKLY  RANGE 
OF  VALUES  IS  SHOWN  BY  THE  STIPPLED  AREAS.  ThE  DAILY  AVERAGES  FOR 
THE  WEEK  ARE  SHOWN  ON  THE  RIGHT. 


Figure  22D.  Average  hourly  temperatures  (“F)  at  pixed  levels  above 

AND  BELOW  THE_ GROUND  SURFACE  DURING  A  WEEK  IN  DECEMBER  195'^  AT 

Umiat  Base.  The  weekly  range  of  values  is  shown  by  the  stippled 
AREAS.  The  daily  averages  for  the  week  are  shown  on  the  right. 
Uhere  is  no  solar  radiation  in  December  at  Umiat  Base.) 


^^7 


A  TABLE  OF  APPROXIMATE  MONTHLY  TEMPERATURES,  MADE  UP  FROM  WEEKLY 
AVERAGES,  FOR  ALL  OF  THE  LEVELS  AT  UmIA.T  BaSE  IS  GIVEN  IN  THE  APPENDIX 

(Table  I). 


The  mean  diurnal  range  of  temperature  at  the  sites  is  shown  in  Table 
VIII.  The  correlation  between  diurnal  ranges  and  total  insolation  is  evi¬ 
dent  in  spite  of  the  exposure. 


The  uniformity  of  average  range  for  the  season  among  the  flat,  breezy 
stations.  Site  3,  Cache  5,  and  the  mountain  is  striking.  Larger,  ranges 
are  found  at  Site  5  (gentle  south  slope)  rather  than  1A  (steep  southern 
slope).  Examination  of  the  hourly  values  shows  that  Site  5  experiences 
high  ranges  because  of  its  cool  nights.  It  is  generally  about  2F°  colder 
than  1A  at  night  presumably  because  cool  surface  air  can  accumulate  easily 

AND  NOT  slide  INTO  THE  VALLEY.  THE  STATION  AT  lA  IS  ON  A  CONVEXITY,  OR 
knob,  PART  WAY  DOWN  THE  SLOPE,  THUS  THE  COLD  AIR  DRAINS  OFF  TOWARD  THE 

East,  South,  and  West  into  a  broad  valley  whose  floor  is  nearly  200  feet 
LOWER.  Only  during  excessive  insolation  does  Site  5  warm  to  temperatures 

ABOVE  THE  OTHERS. 

The  -4-inch  diurnal  temperature  ranges,  shown  in  Table  IX,  also  in¬ 
dicate  A  GOOD  correlation  WITH  SOLAR  RADIATION. 

The  range  correlates  better  with  slope  at  this  level  than  at  the  +4 
inch  level.  Variations  in  thermal  diffusivity  are  important  when  these 
ranges  are  considered.  Such  differences,  for  example,  must  account  for 

THE  DIFFERENT  RANGE  BETWEEN  UmI AT  POLYGON  (U-P)  AND  UmIAT  BASE  (U-B). 

Monthly  average  temperatures,  computed  from  weekly  averages,  for  the 
+4-  AND  -4-1 NCH  LEVELS  ALSO  ARE  GIVEN  IN  THE  APPENDIX  (TABLE  l). 

The  +4-1  NCH  temperatures  at  four  stations  in  the  vicinity  OF  Barrow, 

ALTHOUGH  INCOMPLETE,  DUE  TO  CLOCK  STOPPAGES,  ETC.,  YIELD  INTERESTING  RE¬ 
SULTS. 


Comparisons  of  the  +4-inch  temperatures  at  the  Barrow  stations  were 

MADE  BY  SELFCTING  SIMULTANEOUS  PERIODS  OF  RECORD  WHEN  TWO  OR  MORE  STA¬ 
TIONS  WERE  operative;  in  THIS  WAY  THE  AVERAGES  AND  EXTREMES  WHICH  ARE 

GIVEN  IN  Table  X  were  compiled.  Data  from  the  U.S.  Weather  Bureau's 
SHELTER  IN  Barrow,  where  the  thermometers  are  12  feet  above  the  ground, 

ARE  ALSO  INCLUDf.D  IN  THE  TABLE. 

Generally,  temperatu.te  differences  are  small  between  sites,  owing  to 

THE  FLAT  TERRAIN  AND  ALMOST  CONSTANT  WINDS.  ThIS  IS  ESPECIALLY  TRUE  DUR¬ 
ING  THE  SEASON  WHEN  ALL  BODIES  OF  WATER  ARE  ICE-COVERED.  DURING  THE  WARM 

WEEK  OF  17  TO  24  January  195^,  the  data  show  that  the  invading  warm  air 

HAD  DIFFICULTY  IN  PENETRATING  COLD  SURFACE  LAYERS  ONLY  20  FEET  LOWER. 
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TABLE  VIII.  MEAN  DIURNAL  RANGE  OF  TEMPERATURE  (°F)  AT  +4  INCHES  AT  THE 
SITES,  AND  AVERAGE  INSOLATION  BY  WEEKS  AT  UMIAT  BASE,  1953 


MlAN  DiuRNAL  RANGE  Or  TtHrERATURE 

AT  +4  I NCHES 


4 

Solar  Radi ati on 

Site; 

1 A 

3 

5 

CaChl  5 

Mt. 

Average  (lys.) 

20-26  June 

18 

15 

367 

27  June-3  July 
4-10  July 

16 

22 

14 

19 

i4 

20 

22 

16 

1T 

11-17  July 

13 

11 

11 

15 

10 

13 

318 

18-24  July 

22 

21 

23 

25 

21 

22 

452 

25-31  July 

30 

28 

28 

3? 

30 

30 

532 

1 -7  August 

18 

16 

18 

24 

7 

10 

250 

8-l4  August 

16 

15 

IT 

18 

i4 

16 

259 

15-21  August 

21 

17 

16 

21 

i4 

24 

3T0 

22-28  August 

13 

12 

12 

15 

1 1 

T 

206 

4  July-28  August 

19 

IT 

18 

22 

IT 

IT 

359 

TABLE  IX.  MEAN  DIURNAL  RANGE  OF  TEMPERATURE  (°F)  AT  -4  INCHES  AT  THE 


SITES,  AND 

AVERAGE  INSOLATION 

BY  WEEKS 

AT  UMIAT 

BASE, 

1953 

Mean 

Dl  URNAL 

M  1 

RANGE  OF  TEMPERATURE 

}  1  I  k  1  I  • 

—  t  I 

Solar  Radi ation 

Site:: 

_U-P 

U-B 

lA 

3 

4 

5 

Cache  5 

Mt. 

Average  (lys.) 

20-26  June 

2 

2 

5 

2 

3 

3 

4 

367 

27  June-3  July 

4 

3 

T 

3 

5 

ill 

4-10  July 

6 

3 

9 

4 

4 

6 

T 

3 

n-17  July 

3 

2 

5 

2 

2 

4 

3 

1 

3iti 

l8-24  July 

6 

4 

9 

5 

5 

T 

8 

3 

452 

25-31  July 

T 

4 

11 

5 

4 

9 

8 

2 

532 

1 -7  August 

4 

3 

6 

3 

3 

5 

4 

1 

250 

8-l4  August 

4 

2 

5 

3 

3 

5 

3 

1 

259 

15-21  August 

5 

2 

9 

3 

3 

5 

3 

2 

370 

22-28  August 

3 

5 

3 

2 

4 

4 

1 

206 

4  July-28  August 

s 

3 

T 

4 

4 

6 

5 

2 

359 
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Summer  (1954) 


Under  average  winter  '‘ondi ti ons^3l i ghtly  higher  temperatures  were  measured 

AT  B-2  THAN  AT  B-3  AND  B-4,  INDICATING  THE  CHARACTERISTIC  INCREASE  OF  TEM¬ 
PERATURE  WITH  HEIGHT  DURING  THE  COLD  SEASON. 

The  HIGHER  WINTER  MINIMUM  OF  -48°F  AT  B-1  ,  COMPARED  WITH  -55TaT  OUT¬ 
LYING  STATIONS,  WHICH  OCCURRED  DURING  A  LIGHT  MW  WIND,  WAS  PARTLY  DUE  TO 
THE  HEATING  EFFECT  OF  THE  VILLAGE.  ThE  TEMPERING  INFLUENCE  OF  THE  OCEAN, 
EVEN  THOUGH  FROZEN,  WAS  ALSO  UNDOUBTEDLY  A  FACTOR  IN  KEEPING  THE  B-1  STA- 
.lON  WARMER  THAN  THE  OTHERS  DURING  LIGHT  NW  WINDS. 

Differences  between  the  Barrow  sites  were  smallest  in  the  spring  per¬ 
iod  WHEN  THE  GROUND  WAS  STILL  SNOW-COVERED.  OVER  THE  PERIOD  2  TO  7  JUNE, 

THE  SUMMER  CONTINENTAL  EFFECTS  WERE  BEGINNING  TO  SHOW  IN  THE'  FORM  OF  HIGHER 
TEMPERATURES  AT  B-4,  THE  INLAND  STATION.  ThIS  OCCURRED  WHILE  WINDS  BLEW 
STRONGLY  FROM  THE  NE  AND  ACROSS  6  MILES  OF  PARTLY  BARE  GROUND  BEFORE  REACH¬ 
ING  THE  STATION.  DURING  JuLY  AND  AUGUST  THE  EFFECTS  OF  THE  COLD  SEA  ARE 
MOST  PRONOUNCED,  WITH  B-3,  THE  LaGOON  BeACH  STATION,  AVERAGING  2F°  COOLER 
THAN  B-2,  THE  RIDGE  STATION  1  \  jZ  MILES  INLAND.  AT  THE  SAME  TIME  B-,, 

NEAR  THE  WEST  SHORE,  AVERAGED  1  F°  COOLER  THAN  B-2.  ThIS  TEMPERATURE  PATTERN 
CONTINUED  UNTIL  THE  END  OF  SEPTEMBER.  A  SUMMER  MAXIMUM  OF77'’FwAS  OBSERVED 
AT  B-2^WHILE  MAXIMUMS  of  only  71  AND  74°F  OCCURRED  AT  THE  COASTAL  STATIONS. 

In  late  September,  the  effects  of  chilling  by  the  sea  and  warming  by 
THE  land  have  disappeared  AND  TEMPERATURES  ARE  VIRTUALLY  THE  SAME  AT  ALL 
THE  STATIONS. 

Temperature  differences  between  the  +4-inch  and  +12-foot  levels  at 
Barrow  were  obtained  over  the  period  April  1955  to  July  1956,  by  using  the 
li.S.  weather  Bureau's  thermometer  inside  a  standard  shelter  and  the  pro¬ 
ject's  SHIELDED  RECORDING  THERMOMETER  SET  UP  NEARBY  AT  +4  INCHES.  ThE 
LATTER  WAS  KEPT  ADJUSTED  TO  4  INCHES  ABOVE  THE  SNOW  SURFACE.  RESULTS  OF 
THE  COMPARISON  ARE  SHOWN  IN  F|GURE  23-  ThE  CURVE  WAS  SKETCHED  FROM  AVER¬ 
AGES,  SHOWN  AS  HORIZONTAL  LINES,  WHICH  WERE  OBTAINED  FOR  THE  DIFFERENT 
PERIODS  OF  TIME  COVERED  BY  EACH  LINE.  VARIATIONS  OF  THE  DIFFERENCES  FROM 
YEAR  TO  YEAR  MAY  BE  AS  MUCH  AS  2F°  THEREFORE.  THIS  CURVE  MUST  BE 
USED  WITH  CAUTION.  ThE  ABRUPT  POSITIVE  INCREASE  OF  DIFFERENCES  AT  BaRROW 

IN  June  is  associated  with  the  end  of  snow  cover  which  occurred  on  21  June. 
Differences  at  Umiat  Base  Polygon  are  also  shown;  small  differences  are 
caused  by  the  vegetation  and  PARTi/L  SHADING  OF  THE  4-INCH  LEVEL. 

B.  Frost  effects 


Si GAFOOS  (I95O  and  others  have  EMPHASIZED  THE  EFFECTS  OF  FROST 
ACTION  ON  VEGETATION,  AND  THERE  IS  NO  DOUBT  THAT  SOL  I FLUCT I  ON,  OR  THE 
DOWNHILL  MOVEMENT  OF  SOIL,  IS  A  PROMINENT  FEATURE  OF  THE  NORTH  SLOPE. 

However,  congel  i  ture'at  i  on,  resulting  from  surface  freezing  and  thawing 
IS  slight  over  this  area.  At  three  stations  in  the  vicinity  of  Barrow^ 
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Figure  23.  Average  change  of  temperature  (°F)  with  height  at 
Barrow  and  Umi at . 


THE  SURFACE  THERMOGRAPHS  SHOWFn  *  TOTAL  OF  6  TO  l4  THAWS  AND  FREEZES 
THROUGH  THE  SPRING  AND  FALL  SEASONS  COMBINED.  THIS  COMPARES  WITH  A  FIG¬ 
URE  OF  ABOUT  92  AT  BlUE  HILL,  MiLTON,  MASSACHUSETTS,  FOR  ONE  SPRING 
PERIOD,  OR  APPROXIMATELY  1 8O  PER  YEAR.  FROM  THIS  IT  IS  OBVIOUS  THAT  THE 
SURFACE  DOES  NOT  SUFFER  DIRECTLY  FROM  FREEZING  AND  THAWING;  IT  DOES,  HOW¬ 
EVER,  EXPAND  AND  CONTRACT  CONSIDERABLY  WHEN  THE  SNOW  COVER  IS  ABSENT  OR 
VERY  THIN.  For  EXAMPLE,  AT  ONE  STATION  THE  SURFACE  TEMPERATURE  WHEN 
COVERED  WITH  1  INCH  OF  SNOW  CHANGED  29F‘’  IN  THREE  DAYS.  DURING  ANOTHER 
EXTREME  CASE,  A  38F‘’  RISE  IN  THE  4-INCH  AIR  TEMPERATURE  CAUSED  A  10F° 

RISE  AT  THE  SOIL  SURFACE  WHEN  IT  WAS  COVERED  WITH  8  INCHES  OF  SNOW. 

It  APPEARS  THAT  THE  SOURCE  OF  THE  MORE  IMPORTANT  FROST  EFFECTS  IS 
AT  THE  LEVEL  WITHIN  THE  GROUND  AT  THE  TOP  OF  THE  FROZEN  LAYER.  A  SMALL 
AMOUNT  OF  THAWING  AND  FREEZING  OCCURS  AT  THIS  LEVEL  DAILY  AS  THE  DIURNAL 
TEMPERATURE  WAVES  REACH  IT.  ThE  AMOUNT  OF  THAW  AND  FREEZE  IS  LARGEST 
IMMEDIATELY  AFTER  THE  SURFACE  THAWS  AND  IT  DIMINISHES  AS  THE  DEPTH  OF 
THAWED  GROUND  (ACTIVE  LAYEr)  INCREASES,  DUE  TO  ABSORPTION  OF  THE  DIURNAL 
HEAT  WAVE.  A  CALCULATION  BASED  ON  THE  TEMPERATURES  OBSERVED  DURING  A 
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VERY  SUNNY  DAY  (I7  JUNE  1953)  SHOWED  THAT  ABOUT  l8  CALORIES  WERE  DELIVERED 
AT  THE  FROST  LEVEL,  -4  INCHES  AT  THAT  TIME,  AS  A  RESULT  OF  DOWNWARD  HEAT 
FLUX.  This  amount  of  heat  will  thaw  about  0.1  inch  of  ice,  or  if  ice  makes 

UP  50  PERCENT  of  THE  SOIL  VOLUME,  ABOUT  0-3  INCH  OF  FROZEN  SOIL.  A  FACTOR 
OF  THREE,  RATHER  THAN  TWO,  APPLIES  BECAUSE  OF  THE  LOW  SPECIFIC  HEAT  OF  SOIL 
compared  TO  ICE.  WiTH  THE  RELAXATION  OF  THF  HEAT  WAVE,  THE  DIRECTION  OF 
HEAT  FLUX  IS  REVERSED  AND  A  SMALL  AMOUNT  OF  SOIL  IS  REFROZEN.  ThIS  CHANGE 
IS  NOT  NECESSARILY  ONE  DETECTA3LE  BY  THERMOMETRIC  MEANS  BECAUSE  THE  LIQUID 
AND  SOLID  STATES  MAY  BOTH  REMAIN  AT  32°F-  HOWEVER,  BrYSON*,  FROM  LARGE 
NUMBERS  OF  FREQUENT  PROBINGS  IN  APPROXIMATE  1  M^  AREAS,  HAS  DETECTED  DIUR¬ 
NAL  OSCILLATIONS  OF  THE  FROST  LEVEL  WHEN  THE  THAWED  LAYER  WAS  AT  LEAST  6 
INCHES  DEEP.  It  IS  OBVIOUS  THAT  THE  AMPLITUDE  OF  THIS  CYCLE  VARIES  UNDER 
DIFFERENT  CONDITIONS. 

It  is  THEREFORE  POSTULATED  THAT  THIS  EFFECT,  WORKING  INSIDE  THE  GROUND, 
MAY  BE  RELATED  TO  THE  STRANGE  SOIL  PATTERNS  OFTEN  FOUND  SIDE  BY  SIDE  BUT 
IN  ZONES  WHERE  THE  THERMAL  PROPERTIES  OF  THE  SOIL  OR  THE  SOLAR  RADIATION 
REACHING  AND  PENETRATING  THE  SURFACE  DIFFER.  FURTHERMORE,  THIS  ACTION  MAKES 
THE  IDEA  OF  SOLIFLUCTION  MORE  REALISTIC.  RaTHER  THAN  ASSUMING  THAT  A  MASS 
OF  SOIL  SIMPLY  SLIDES  ON  A  LUBRICATED  FROZEN  LAYER  (viSCOUS  FLOw) ,  THE 
MOTION  IS  MORE  LIKELY  HELPED  BY  DAILY  FREEZING  AND  LIFTING  PERPENDICULAR 
TO  THE  FROZEN  LAYER  FOLLOWED  BY  VERTICAL  SINKING  DURING  THE  THAW.  IN  THIS 
WAY  THE  MASS  IS  PUSHED,  AND  GRAVITY  ALONE  IS  NOT  THE  PROPELLING  FORCE. 

C.  Wl ND 

The  windiness  and  lack  of  tall  vegetation  over  the  area  results 

IN  RELATIVELY  HIGH  AVERAGES  AT  THE  6-FOOT  LEVEL.  AVERAGE  WIND  SPEEDS 
MEASURED  OVER  COMPaRAHI.F  PERIODS  IN  1953  AND  195^  ARC  SHOWN  IN  TaBLE  XI. 

The  adjusted  6-foot -level  winds  have  been  obtained  from  the  extra¬ 
polation  OF  CURVES  DRAWN  FOR  WINTER  AND  SUMMER  AT  UMIAT  AND  BaRROW  IN  WHICH 
THE  WIND  SPEED  IS  RELATED  TO  HEIGHT  THROUGH  THE  EXPRESSION  GIVEN  IN  GeIGER 
(1950  P.  103):  V2  =  Vl  X  Z*,  WHERE  V2  SIGNIFIES  THE  SPEED  IN  m/sEC.  AT  THE 
HEIGHT  Z  IN  METERS,  Vi  IS  THE  SPEED  AT  1  METER,  AND  A  I  S  AN  EXPONENT  WHOSE 
VALUE  CHANGES  PRIMARILY  WITH  THE  TEMPERATURE  LAPSE  RATE. 

The  pattern  is  clear-cutj  easterlies,  especially  in  summer,  are  felt 

HOST  AT  THE  EXPOSED  LAGOON  STATION  NEAR  BaRROW.  INLAND  THEY  WEAKEN  IN 
SUMMER,  AS  SHOWN  BY  THE  CACHE  5  AND  6  VALUES,  WITH  THE  LOWEST  VALUES  AT 
1A,  ON  THE  PROTECTED  SLOPE.  In  WINTER  THE  WINDS  CONTINUE  STRONG;  IN  FACT, 
THESE  SPEEDS  MAKE  TRAVEL  IN  THE  OPEN  VERY  UNCOMFORTABLE.  ThE  RIDGE-TOP 
WINDS  ARE  STRONGEST  IN  WINTER  BUT  EVEN  THE  VALLEYS  EXPERIENCE  CONSIDERABLE 


*0RAL  COMMUNICATION  FROM  ReID  A.  BrYSON,  UNIVERSITY  OF  WISCONSIN. 
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TABLE  XI .  AVERAGE  WIND  SPEEDS  (IN  MILES  PER  HOUR) 


Summer  Winter 

(July  and  August)  (Dec. -Feb.  approx.) 

AT  6  FT.  AT  2  FT.  AT  6  FT.  AT  2  FT. 

Barrow  No.  1  (near  Arctic  Res.  Lab.) 

Barrow  No.  2  (old  beach  ridge) 

Barrow  No.  3  (shore  Elson  Lagoon) 

Umiat  Base  (raised  polygon) 

U-IA  (steep  south  slope) 

U-3  (ridge  top) 

U-4  (slight  north  slope) 

U-5  (slight  south  slope) 

Cache  5  (ridge) 

Cache  6  (flat) 

Mountain  (flat) 


^Height  ADJUSTED  to  6  feet  (see  text). 


wind,  mostly  of  katabatic  origin.  In  the  Umiat  area,  it  is  interesting 
that  the  shrubs  lean  from  the  E  and  NE  which  is  the  prevailing  wind  (42  PER¬ 
CENT  OF  the  total  time)  during  the  growing  season.  In  winter  the  winds 

ARE  WESTERLY.  At  EXPOSED  SITES,  SUCH  AS  U-3,  IT  WAS  APPARENT  THAT  THE  PRE¬ 
CEDING  season's  growth,  WHICH  PROTRUDED  ABOUT  4  INCHES  ABOVE  THE  GENERAL 
LEVEL  OF  THE  FROST  BOILS  AND  APPARENTLY  ABOVE  THE  EARLY  SNOW  COVER,  HAD 
BEEN  WINTER-KILLED.  A  SHORT  DISTANCE  AWAY,  NEAR  U-IA,  WILLOWS  WHICH  GROW 
10  TO  12  FEET  HIGH  IN  A  GULLY  WERE  MOST  LIKELY  COVERED  WITH  DRIFT  SNOW 
DURI NG  THE  Wl NTER. 

D.  Snow  cover  and  depth  of  thaw 

Since  the  snowfall  over  the  area  is  fairly  uniform,  the  depth  of 

SNOW  ON  THE  GROUND  IS  LARGELY  DEPENDENT  ON  THE  WIND  AND  TOPOGRAPHY.  LaRGE 
changes  of  DEPTH  OCCUR  IN  MIDWINTER  OF!  SPRING  WHEN  STRONG  WINDS  MAY  REMOVE 
A  FOOT  OF  SNOW  FROM  ONE  SPOT  AND  ADD  IT  TO  ANOTHER.  USUALLY  THESE  STORMS 
ARE  CHARACTERIZED  BY  WESTERLY  WINDS  AND  THEREFORE  THE  DEPTH  PATTERN  CAN  BE 
DEDUCED  REASONABLY  WELL  FOR  A  SMALL  AREA  FROM  ITS  EXPOSURE. 

During  the  winter  period  when  sun  crusts  do  not  develop, the  hardness 
OF  the  snow  cover  depends  on  the  WIND  SPEED;  IN  GENERAL,  THE  HIGHER  THE 
WIND  THE  GREATER  THE  HARDNESS.  ThE  DURATION  OF  DRIFT  ALSO  LENGTHENS  WITH 
THE  WIND  SPEED.  ThESE  RELATIONS  HAVE  BEEN  GENERALIZED  BY  THE  U.S.  AlR 

Force  ( 195^) • 
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In  the  Barrow  region  during  the  winter  of  1953-54,  snow  covers  at  B-2 

AND  B-3  AVERAGED  ABOUT  THE  SAME,  REACHING  A  MAXIMUM  OF  8  INCHES,  WHILE  AT 
THE  MORE  SHELTERED  STATION,  B-1 ,  THE  DEPTH  AVERAGED  NEAR  l6  INCHES  FOR  2 

MONTHS.  Average  ground-surface  temperatures,  under  the  snow  cover  (read 

FROM  A  LARGE  THERMOMETER  IN  CONTACT  WITH  THE  SOIL  OR  GRASs),  DID  NOT  VARY 
MORE  THAN  A  FEW  DEGREES  BETWEEN  STATIONS.  WEEKLY  MEASUREMENTS  OF  THE  DEPTH 
OF  THAW  SHOWED  MAXIMUM  VALUES  OF  22  INCHES  AT  B-1,  33  INCHES  AT  B-2,  AND 
l8  INCHES^AT  B-3.  SlNC^E  THE  JULY  AND  AUGUST  AIR  TEMPERATURES  WERE,  RESPEC¬ 
TIVELY^  5*^  ,  49  ,  AND  46  F  AT  THESE  STATIONS,  IT  IS  OBVIOUS  THAT  THE  DEPTH 
OF  THAW  IS  NOT  NECESSARILY  PROPORTIONAL  TO  THE  SURFACE  TEMPERATURE.  THE 
REASON  FOR  THE  GREATER  THAW  AT  B-2,  THE  OLD  BEACH  RIDGE  COMPOSED  MOSTLY  OF 
SAND  AND  PEA-SIZE  PEBBLES,  IS  ITS  DRYNESS  AND,  THEREFORE,  LOWER  HEAT  CAPAC¬ 
ITY  OWING  TO  BETTER  DRAINAGE  THAN  AT  B-1  AND  6-3-  ThE  FACT  THAT  DRY  SOIL 
IS  A  POORER  HEAT  CONDUCTOR  THAN  WET  SOIL,  IS  NOT  AS  IMPORTANT  AS  THE  FACT 
THAT,  WHEN  FROZEN,  LESS  HEAT  IS  REQUIRED  TO  THAW  IT.  WelL-DRAINED  COARSE 
SOILS  HAVING  A  WATER  TABLE  SO  LOW  THAT  WATER  WILL  NOT  BE  DRAWN  INTO  THE 
UPPER  LAYERS  DURING  FREEZING,  THAW  TO  DEPTHS  GREATER  THAN  WET  SOILS. 

This  contrast  is  well  illustrated  in  Figure  24a  where  the  measurements 
OF  Dr.  Larry  C.  Bliss  have  been  plotted  to  show  isochrones  of  ti'e  retreat¬ 
ing  FROST  LEVEL  THROUGH  A  FROST  BOIL.  HERE  THE  WELL-DRAINED  CENTRAL  POR¬ 
TION  THAWS  RAPIDLY  NOT  ONLY  BECAUSE  IT  IS  DRY  BUT  ALSO  BECAUSE  ITS  BARE 
SURFACE  IS  WARMER  THAN  THAT  OF  THE  ADJACENT  PL  ANT -COVERED  SIDES.  WHEN  THE 
GROUND  IS  RAISED  SI  HILAR  I LY  BUT  COVERED  WITH  VEGETATION  (suCH  AS  A  LARGE 

TUSSOCK,  Figure  24B/,  the  thaw  is  greater  under  the  tussock  than  under  ad¬ 
jacent  AREAS  EARLY  IN  THE  SEASON  BUT  THE  TUSSOCK'S  EFFECT  IS  LOST  AT  DEPTHS 
BELOW  ABOUT  3O  CM.  WHEN  HIGHER  VEGETATION  GROWS  AROUND  AND  OVER  AN  OLD, 

DRY,  DEPRESSED  CENTER  POLYGON  SUCH  AS  AT  UmIAT  BaSE  (FiG.  24C  AND  D)  ,  THE 
CENTER  THAWS  THE  LEAST  WHILE  THE  OUTER  SIDES  OF  THE  POLYGON  THAW  TO  THE 
GREATEST  DEPTH  ON  THE  SOUTH  AND  WEST  AND  THE  LEAST  ON  THE  NORTH  AND  EAST. 

It  IS  ALSO  INTERESTING  THAT  MEASURABLE  FREEZING  FROM  THE  BOTTOM  UPWARD 
OCCURRED  AT  ALL  THE  SITES  OVER  THE  LAST  WEEK  OF  OBSERVATION. 


The  EFFECTS  OF  SLOPE  ON  THE  DEPTH  OF  THAW  UNDER  SIMILAR  SOIL  AND  VEGE¬ 
TATION  CONDITIONS  IS  SHOWN  BY  MAXIMA  AT  UmiAT  SITE  4,  THE  GENTLE  NORTH 
SLOPE,  OF  44  CM  (17  1/2  IN.)  AND  AT  SITE  5,  THE  GENTLE  SOUTH  SLOPE,  49  CM 
(19  1/2  IN.).  ^ 


In  general  the  depth  of  thawed  soil  below  shallow,  calm  bodies  of 

WATER  IS  ABOUT  THE  SAME  AS  UNDER  SOIL  COVERED  WITH  VEGETATION.  UNDER 
DEEPER  WATER,  I.E.,  1  FOOT,  THE  AMOUNT  OF  THAWED  GROUND  INCREASES.  ThE 
THAW  ALSO  INCREASES  WHERE  THE  WATER  BOTTOM  IS  GRAVELLY,  AND  ESPECIALLY  IF 
THE  WATER  IS  FLOWING  OR  STIRRED  BY  THE  WIND. 

Details  for  adjusting  shelter-level  freezing  and  thawing  indices  to 

THE  GROUND  SURFACE  AND  THEIR  USE  IN  DETERMINING  THE  DEPTH  OF  THAW  OR  FREEZE 
IN  DIFFERENT  SOILS  ARE  GIVEN  BY  THE  U.S.  ArmY  (1954). 
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E.  Humidity 


Humidity  was  measured  at  Umiat  Base  by  a  dew-point  recorder  (the 
Foxboro  Dewcel) .  The  data  are  represented  here  as  the  vapor  pressure  de¬ 
ficit,  OR  THE  DIFFERENCE  BETWEEN  THE  SATURATION  VAPOR  PRESSURE  AND  THE 
ACTUAL  VAPOR  PRESSURE.  I  THIS  CASE,  ACTUAL  VAPOR  PRESSURES  WERE  RECORDED 
AT  4  INCHES  AT  UMIAT  BaSE  AND  THE  SATURATION  VAPOR  PRESSURES  WERE  COMPUTED 
FOR  THE  TEMPERATURES  AT  2  INCHES.  OWING  TO  IMPROPER  SETTING  OF  THE  DEW- 
POINT  RECORDER  SCALE,  ABSOLUTE  VALUES  CANNOT  BE  GIVEN,  BUT  FIGURE  2')  SHOWS 
THE  DIURNAL  RANGES  OF  MAXIMUM,  AVERAGE,  AND  MINIMUM  VAPOR  PRESSURE  DEFICITS.* 
If  THE  VALUES  NEAR  SHOO  ARE  ASSUMED  TO  BE  ZERO  OR  SLIGHTLY  NEGATIVE  (tHE 
TIME  OF  FOG  OR  FORMATION  OF  DEw) ,  THEN  VALUES  EARLY  IN  THE  SEASON  REACH  13 
MB  (l  MB  =  .75mm)  during  MIDDAY;  LATER  IN  THE  SEASON,  DURING  THE  HOT  WEEK 

OF  25  TO  31  July,  they  average  up  to  about  23  mb.  By  late  August  they 

REACH  ONLY  5  MB,  ON  THE  AVERAGE,  WITH  AN  EXTREME  OF  9  MB.  AVERAGE  WEEKLY 
VAPOR  PRESSURE  DEFICITS  FOR  THE  ENTIRE  SEASON  ARE  GIVEN  IN  THE  APPENDIX, 

Table  I . 


ATMOMETER  data  were  OBTAINED  FOR  THE  UMI AT  STATIONS  THROUGH  MOST  OF 
ONE  SUMMER.  ThE  TOTAL  EVAPORATED  WATER  DURING  THE  EARLY  PART  OF  THE  SEASON 

FROM  Livingston  atmometers  mounted  13  to  15  inches  above  the  ground  is  sum¬ 
marized  I N  Table  XII. 


TABLE  XII.  TOTAL  EVAPORATED  WATER  IN  Cm3  FROM  LIVINGSTON  ATMOMETERS, 

29  JUNE  TO  28  JULY  1953 

Umiat  Umiat  Umiat  Umiat  Umiat 

Base _ 1A _ 2 _ 4 _ ^ 

872  778  916  747  807 

During  this  period  the  average  daily  vapor-pressure  deficit  at  Umiat 
Base  was  109  mb. 

7.  CONCLUSI ons 

The  tundra  of  the  Arctic  Slope,  which  is  entirely  underlain  with 

DEEP  permafrost,  IS  A  REGION  DOMINATED  IN  SUMMER  BY  COOL  MARITIME  WINDS, 


*An  error  I N  THE  SCALE  ZERO  ALSO  INTRODUCES  AN  ERROR  IN  THE  RELATIVE  VALUE 
OF  VAPOR  PRESSURE  DEFICIT  BECAUSE  OF  THE  NON-LINEAR  RELATIONSHIP  OF  DEW¬ 
POINT  TO  VAPOR  PRESSURE. 
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MUCH  CLOUDINESS,  L ! GH T  PRECIPITATION,  AND  FREQUENT  DRIZZLE.  JuLY  NORMAL 
EMPERATURES  RANGE  FROM  ON  THE  NORTHEAST  COAST  TO  52°F  WELL  INLAND 

NEAR  THE  COAST  COAST.  TEMPERATURE  IN  JANUARY  AVERAGES  ~^6°F 

FEET  LL^THE'siiL  .  """  Colville  valley,  and  .io<’F  near  2000 

6  I  LiEroVErTHE  LtpLJ  precipitation  TOTALS  ABOUT 

AT  innn  extreme  northern  coast  and  central  slope,  about  12  inches 

COVER??  Zl\TnVrT"  oenLaIl?  SN?1 

Ml  D-SuPTEMBETR  TO  MID-JuNE.  PURING  THE  WINTER,  THE  SNOW  IS 
constantly,  CREATING  A  RELATIVELY  SMOOTH  SURFACE  WITH 

An?kTu5uK  28  INCHES  AT 

E>  I  STRENGTH  OF  THE  WINTER  WINDS  IS  GOVERNED  BY  THE  COM 

BL?w'’FWM°?HrWES?''?ir?cr°  COMPONENTS.  THE  STRONGEST  WINDS  “ 

rSrnPM  lIf  °  NORTHEAST  SECTION  IN  COMBINATION  WITH 

BARR??r  oTthTsTuT^^  F^^eV"  convergence  induced  by  the  nearby  MOUNTAIN 

FROM  May  to  October.'  dR'^zle  or  rain  is  relatively  frequent 

Summer  temperature  trends,  as  shown  by  10-year  floating  means  at 
Barrow  since  1921  were  downward  until  the  late  4o's  an?  lu^H^Lr^PwJL 

THEREAFTER.  V/iNTER  TRENDS  WERE  UPWARD  '^F®  TO  ABOUT  IQQQ  tucm 

about  3F°  TO  1956.  iJewaku  y  TO  ABOUT  I939,  THEN  DOWNWARD 

= 

?HE''um?rrA?E'^S??n'oN'^"T  WE^rR^EW????"?" 

A?ED  TH?  L  W  50I  ?"xT?  M^'s'^r  TEMPERATURES  GENERALLY  AVER- 

ic  .  EXTREMES  OF  100  F  OCCURRED  WHILE  SOIL  WAS  FRnTEw  in 

*a,N3’'"B0;riT"ER  t'hT 

=r  s„ow  .BOM 

ON'TH^'^0^\^\\^';ETwiK?'?HE'*L'?w??;  oL'Sr'Il'SnTt,' e'';?L't''' 
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OF  1952.  Dr.  John  Cantlon,  Dr.  Larry  Bliss,  and  Mr.  Paul  Swenson  set  up 

AND  RAN  THE  STATIONS  UNDER  THE  AUTHOR'S  DIRECTION  THE  SECOND  SUMMER,  WHILE 

U.S.  Air  Force  observers,  Mr.  John  Merrick  and  Mr.  David  Butler,  made  ob¬ 
servations  THROUGHOUT  THE  FOLLOWING  WINTER  AND  THE  THIRD  SUMMER.  CREDIT 
IS  ALSO  DUE  Mr.  John  Ingold,  Mr.  and  Mrs.  Harvey  I  sham,  Mr.  Harold  Rice, 

AND  MY  WIFE,  EtHEL  CoNOVER,  WHO  SPENT  MANY  TEDIOUS  HOURS  REDUCING  THE  DATA. 
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APPENDIX 


Table  I.  Average  weekly  temperature,  solar  radiation,  vapor 

PRESSURE  DEFICIT,  AND  SNOW  COVER  AT  UmIAT  BaSE 

Table  II.  Average  weekly  temperatures  (°F)  at  +  4  inches  and 
-4  INCHES,  at  8  Arctic  Slope  Stations 
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TABLE  !.  AVERAGE  WEEKLY  TEMPERATURE,  SOLAR  RADIATION,  VAPOR 
PRESSURE  DEFICIT,  AND  SNOV  COVER  AT  UMIAT  BASE 
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APPENDIX  (Cont'd) 

TABLE  II.  AVERAGE  WEEKLY  TEMPERATURES  (°F)  AT  +k  INCHES  AND  -4  INCHES,  AT  8  ARCTIC  SLOPE  STATIONS 
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*Umi AT  Base  site  was  2E  feet  WSW  of  Umi at  Base  P  (polygon)  and  under  6  to  8  inch  grass  in  a  tussock  common 
iTY.  The  snow  cover  left  this  site  about  4  June  and  the  ground  thawed  at  the  -4  inch  level  between  4  and 
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84  Sands  St. ,  Brooklyn  1,  N.  Y. 

Aitn:  Property  Officer 

Marked:  Req.  DUED  #151 

1  Chief  of  Transportation 
Department  of  the  Army 
Temp  Bldg.  T-7,  Gravelly  Point 
Washington  25,  D.  C. 

2  Commanding  Officer 
Transportation  Res  St  Eng  Comma.nd 
U.  S.  Army 

Ft.  EusUs,  Virginia 

Attn:  Tech  Services  Dir. 

1  The  Army  Library 
Pentagon  Bldg. , 

Washington  25,  D.  C. 

I  Commandant,  Command  General  Staff 
College 

Ft.  Leavenworth,  Kansas 

1  Commandant,  U.  S.  MUiUry  Academy 
West  Point,  New  York 

I  Commanding  Officer,  Detroit  Arsenal 
28251  Van  Dyke  St.,  Centerline,  Mien. 

Attn:  Res  St  Engr.  Div. 

1  Commanding  General 

Hqs.,  U.S.  Army  Medical  R&D  Command 
Main  Navy  Bldg. 

Washington  25,  D.  C. 

Attn:  NP&PP  Research  Branch 

Commander 

QM  Intelligence  Agency,  U.S.  Army 
Washington  25,  D,  C. 

Executive  Director 

Military  Clothing  and  Textile  Supply  Agency 
2C00S.  20th  St.,  Phlla.  45,  Pa. 

Commanding  Officer 

QM  FA(E  Field  EvAt>iallon  Agency,  U.S.  Army 
Airliorne  Systems  TestDlV, 

Yuma  Test  Station 
'iuma,  Arizona 


ARMY  (Cent) 

1  Comumniing  Officer 

Cold  Weather  St  Mountain  ZndoctrlnaUon 
^hool 

Fori  Greeley,  Alaska 

1  Commanding  Officer 
Fort  Greeley,  Alaska 

2  Department  of  Air  Force 
Hqs.,  USAF,  Wash  25,  D.  C. 

(1  DC/S  Material,  1  DC/S  Dev. ) 

1  Director 

Air  University  Library,  Ailm  7676 
Maxwell  AFB,  Alabama 

2  Commandant 

USAF  School  of  Aviation  Medicine 
Randolph  AF  Base 
Randolph  Field,  Texas 

1  Commander,  Arctic  Aeromedical  Lab 
APO  731,  SeatUe,  Washington 

1  Commander 

Air  Res  &  l^v  Command 

Attn:  RDSBTL  (Hqs.,  Tech  Lib.  Br.) 

Andrew's  AF  Base,  Washington  25,  D.C. 

1  Commander 

Wright  Air  Development  Center 
Wright  Patterson  AF  Base,  Ohio 
Attn;  Tech  Library 

I  Commander 

Strategic  Air  Command 
Offutt  AF  Base,  Nebraska 

1  Chief,  Nutrition  Dtv. 

Air  Envelopment  Center 
Aero-Medical  Lab. 

Wright  Patterson  AFB,  Ohio 
Attn:  Dr.  Harry  C.  Dyme 

1  Commander 

AF  Cambridge  Research  Center 
Air  Research  &  Development  Cmd. 
Laurence  0.  Hanseom  Field 
Bedford,  Mass. 

Attn:  CRTOTT-2 


NAVY 
1  Director 

Naval  Research  Laboratory 
4th  St  Chesapeake  St.,  S.  W. 
Washington  25,  D.  C. 

1  Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,  D.  C. 

Attn:  R&DDIv. 

1  Naval  Medical  Research  Institute 
National  Naval  Med.  Res.  Center 
Belhesda,  Md. 

2  Chief  of  Naval  Research 
Washington  25,  D.  C. 

Attn:  Code  402S 

1  Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 

Attn:  Code  331 

1  Chief,  Bureau  of  Med.  fit  Surgery 
Dept,  of  the  Navy,  Wash  25,  D.  C. 
Attn:  Code  33 


MISCELLftNEOUG 


U.  S.  Department  of  Commerce 
Weather  Bureau  Library,  Washington,  D.C. 

Central  Intelligence  Agency 
Collection  fit  Dissemination 
Washington  25,  D.C. 

National  Library  of  Medicine 
Washington  25,  D.  C. 


1  Marine  Corps  Equipment  Board 
Marine  Development  Center 
Marine  Corps  School 
Q’jantico,  Va. 

1  Office  of  Technical  Services 
U.  3.  Department  of  Commerce 
Washington  25,  D.C. 

Attn:  Tech  Rpts  Sec  (THRU  OQMG) 


Generallntendanten 
Stant^rdlserlngskontoret 
Festningen 
Oslo,  Norway 


NAVY  (Cont) 

1  Commander,  U.  S.  Naval  Ord.  Test 
Station,  ChJxA  Lalce,  Calif. 

Attn:  Code  V53 

1  Chief,  Bureau  of  Aeronautics 
Dept,  of  the  Navy,  Wash  25,  D.  C. 
Attn:  Code  AE  52 

1  Chief,  Bureau  of  Supplies  fit  Accounts 
Department  of  the  Navy 
Washington  25,  D.  C. 


CON ARC 

1  C.O.,  U.S.  Continental  Army  Command 
Ft.  Monroe,  Va. 

1  President 

U.  S.  Army  Artillery  Bd. 

Ft.  SlU,  Okla. 

Attm  ATBA 

1  President 

US  Army  Armor  Board 
Ft.  Knox,  Ky. 

Attm  ATBB 

1  President 

U.  S.  Army  Infantry  Bd. 

Ft.  Banning,  Ga, 

Attn:  ATBC 

I  President 

U.  S.  Army  Air  Defense  Bd. 

Ft.  Bliss,  Texas 
Attn:  ATBD 

1  President 

U.  S.  Army  Airborne  and  Electronics  Bd. 
I>t,  Bragg,  N,  C. 

Attn:  ATBF 

I  President 

U.  S.  Army  Aviation  Bd. 

Ft.  Rucker,  Ala. 

Attn:  ATBG 

1  Commanding  Officer 
U.  S.  Army  Arctic  Test  Board 
Ft.  Qreely,  Alaska 
Attn:  ATBE 


BOARDS  Si  COMMITTEES 

I  Army  Committee  on  Environment 
Chief,  Research  fit  Development 
Pentagon,  Washington,  D.  C. 

1  Armed  Forces  Pest  Control  Bd. 
Walter  Reed  Army  Med.  Center 
Forest  Glen  Annex 
Main  Bldg. 

Forest  Olen,  Maryland 

1  Army  Research  Committee 
Chief,  Research  fit  Development 
Pentagon,  Washington,  D.  C. 


I  U.  S.  Department  of  Agriculture  Library 
Washington  25,  D.  C. 

1  Commandant 

Industrial  College  of  the  Armed  Forces 
Ft.  McNair,  Washington  25,  D.  C. 

1  QM  Represent?.:ive 

ArmyjCommand  and  Central  Staff  College 
Department  of  the  Infantry  Div. 

Ft.  Leavenworth,  Kansas 


